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(54) TOb: METHODS OF AMEUORATING SYMPTOMS OF HERPES INFECTION USING IMMUNOMODULATORY 
POLYNUCLEOnDE SEQUENCES 



^ (57) Abstract: The invention provides new methods of preventing and/or treating herpes viitis infections, paiticolarly reducing 
in&ction, one or more symptoms atid lecaxreoce of one or more symptoms of heqses simplex virns infection. A polynucleotide 
compdsiag an immonostixnulatoiy sequence (an 1SS") is administered to an individua] which is at risk of being exposed to alpha- 
Q herpesvirtnae, has been exposed to cdphaherpesvirinae or is infected with alphaherpesvtrinae^ Hie ^ is admlMstered without 
^ any alphaherpesvirinae antigens. Adnmostrotion of the ISS ix^sults in reduced incidence, recurrence, and sn^crity of one or more 
^ symptoms of alphaherpesvirinae infection. 
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MEIHODS OF AMELIOSAUNG SYMPTOMS OF HEfiPES INFECTION USING 
IMMDNOMOmnATORY POLYNUdJEOTIDE SEQIJENCES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This ^plication claiins fte priority benrfit of U.S. Provisional plication 
60/1 88,556, ffled Maoch 10, 2000, which is hereby incoipoiHted herein by reference in its 
entirely. 

TECHNICAL FIELD 
This invention is k the field of immnnomodDlatory potynucleotides, more 
particularly their use in ameliorating orprevoiting herpes virus infection and/or symptoms 
of herpffi virus infection. 

BACKGROUND ART 
Hopes viruses cause a number of significant disorders. Herpes simplex viruses 
(HSV) can be neuroviioleiit (e.g.. infect and replicate in central nervous system tissue), 
ahhoughHSV infections ofthe brain are rare. HSV infections in neonates and 
inmiunosuppitessed individuals can be severe. Heipes simplex vinis-l (HSV-l) is primarily 
responsible for orolalrial herpetic lesions, aHhough genital hopes may also be caused by 
HSV-l . Herpes simplex virus-2 (HSV-2) is tte primary cause of genital herpes, and genital 
herpes caused by HSV-2 are generally more severe flian genital herpes due to HSV-l. 
Additionally, HSV-2 represesits a greater public heaWi threat, as HSV-2 infection is 

associated vrifh certain genital tract cancers and can be transmitted fiom mother to chad 
during vaginal delivery. 

A prinMiy infection with the herpes vttos varicella zoster virus (VZV) results in fte 
human disease varicella, also known as cbidken pox. Primaiy infection leads to latent 
infection of dorsal root ganglia cells, giving rise to a reservoir of virus which can be 
reactivated. ReaotivHtion of latent VZV gives rise to a condition referred to as herpes 
zoster or shingles. Both primary and reactivated VZV infections give rise to cutaneous 
lesions, al&ou^ varicella symptoms can inckde mucosal lesions as well. 

Gaiital HSV-2 is among the most commonly sexually transmitted infectious 
diseases in women. Clinical infection occurs in 20-30% of adults (Parr et al (1997) J. 
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RBprod. Immunol 36:77-92; Burke et. al. (1994)7. Infect Dis. 170:1110-1119), vMe up to 
85% of females can develop HBV-2 antibodies in their lifetime (Kinghom (1996) Scand. J. 
Infect. Dis. SvppL 100:20-25). Tlie frequency of fecunenccs can be as often as monflily, at 
times lasting several days. Stanbetry et aL (1986) J, Infect Dis. 153:1055-1061. 
Complications may be sLgnificant^ fieqaenfly resulting in sodopadiologic morbidity, 
adenopathy, encephalitis neurologic syndromes. Neonatal infection may be high as 1 *^000 
births^ usually caused by retrograde spread of HS V-2 or from fetal parage through an 
inf^^ genital tract Mortality (up to 85% in untreated infected newbpnis)resd 
disseminated intravascular coagulation, destructive encephalitis and other neurological 
maladies. Stanbeiry (1993) Rev. Med ViroL 3:37-46. 

Ihe imddence of g^iital HSV-2 continues to escalate. An estimated 700,000 new 
cases occur eadiyearintheU.S. alone. Reactivation is common, resuhtng in an estnnated 
25 million cases of lecunent genital herpes each year. Transmission commonly occurs 
through uqirotBcted sexual contact, particularly during periods of asyn^matic viral 
shedding, and results m heightened motiridity and mortahty vriien pexmatal fetal 
txanstnission occurs. Qtrrent treatment ofgeriitalHSV»2inchides antiviral drugs that arc 
merely palliative, controlling symptoms and exacerbations without providing a cure. 
Additionally, the^ dicmotherapeutics are costly and may be assodated with adverse 
reactions and potential drug interactions. Vaccines are amore desirable alternative to drug 
teatmmt or prophylaxis, and have been developed against HSV-2 to lintut transmission or 
lecunence. Specific vaccines that have shown efficacy in animal models and clinical 
studies used attenuated virus, recombinant HSV-2 surface proteins or their ccmesp onding 
gDNA. llieir utility, however, is counterbalanced by then 

ofien with poorly tolerated and unapproved adjuvants, and with less than desired clinical 
efScacy in humans and patient accq>tability. 

Clinical control of HSV-2 curcenfly is limited to the use of topical, oral or 
intravenous antiviral drugs. These agents may be effective in controlling &ynq)toms, and 
may dimiTiiah tranamission and recurrence rates, but are not curative. These drugs also do 
not prevent tcansniissioti, particularly duriiigasyxiiptomaticvu^ Clear 
prevention of transmission or recurrence &om latency would be a preferred method of 
clinical control. Immunologic prophylaxis against HSV-2 throtigh vaccination has, 
therefore, emerged as a therq>eutic alternative to chemolhers^y . More specifically, highly 
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targeted immunogQuc conqjonents lesponsible for vinis-hostpiDpa^tioii, sudi as 
glycoptotdn D, have provided flie most appropriate strata fixt immuomtioa Stokes et al. 
(1997) rrrusRes. 50:159-174. 

A bost of studies using attenuated or inactive viruses or their conqionents have 
demonstiated some utility as vaccines. Stanbeiiy (1995) Trends ItScrobiol 3244-247. 
More recently, recombinant HSV-2 sin&ce protein vaccines, particularly HSV-2 
glycoprotein D feD2), have shown greater efficacy in stimulating immune responses vrfiile 
limiting duration and severity of recmrences. Stanberry et al. (1988) J. Infect. Dis. 157:156- 
163; Straus (1994) Za«cef 343:1460-1463; Straus (1997)^ iij^ect Dis. 176:1129-1134; 
Langenberg (1995) Ann. Intern. Med. 122:889-898. Hie gD2 is an integral membrane 
proton, present in die viral envdope and is required for viral attachment and 
propagation in the host cdl. Hie mature protwn is composed of 368 residues, the C- 
tenninal portion conlaioing liie transmembrane region. MuHipk gtycos^tion sites (three 
N-linked and two to three 0-linked) exist Whilepeiptide fiagmemts or bacterially- 
expressed ejqajessed gD proteins possess antigenic properties, glycosylation sppeai& 
necessary in eUctting maximal inununogenic responses, suggesting that eukaiyottc cell 
expressimi vectors are more appropriate for generating ibis piotdn antigaL Stokes et aL 
(1997);DainhoflfetaL (1994)/. Chromatogr. 676:43-49. 

Olliers have demonstrated that nucleic acid vacdnes, such as plasmid DNA 
encoding gD2, can also effectively immunize against HSV-2 by stimulation of both ceUular 
and humoral immune responses. Bourne et aL (1996) J. btfect. Dis. 173:800-807; Bourne et 
al. (1996) Vacdm 14:1230-1234. Hovvever, all these vaccines vrere designed for 
parenteral administiatiQn, often containmg unqiproved or poorly tolerated acQuvants. 

Meanw*il^ nontraditional routes of antigen delivery, such as mucosal vacdnation, 
have emerged as effective immunization altematives. A bo^ of evidence suggeste fliat 
mucosal vacchiation may provide more efifective immuirization agamst paJhogMs such as 
HSV-2. in essence, by inhibiting cellular attachment or neutralizing toxins at the point of 
ejqjosure, e.g., withmlhe genital mucosa, prior to pathogen and host rateraction. aements 
(1997) Nature Biotech. 15:622-623. These immune responses were amplified significanfly 
with co-adm in is tn rt i on of ac^uvants, su«di as cholera toxin P-subunft- 

The concept of providmg nnmune protection qjecifically through vagmal 
vacdnation also has been proposed to be an efifective alternative to parenteral vacdnation. 

3 
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Pan et aL (1997); Clemearts (1997) Nature Biotech 71:1497-1504; Uehling et al. (1991) J. 
Urol 146-^3; Uehling etaL (1994) J: Urol 152:2308-2311; Uehling etal, (1994)7. Urol 
151:213. In animal models, this mate of vacdnation using ii^^ 
pathogens resulted in an increased IgA response in vaginal and urinary secretions willi a 

5 decrease in clinically apparent re-in&ction. Uehling et al. (1991); Uehling et aL (1994) J: 
151:213. Similarly in nuce, attenuated strains of HSV-2appHediiit^^ 
induced humoral (particularly, immunization-stimulaled IgG) and cellular immmtity in b oth 
sera and vaginal secretions. Patr et aL (1997); McD^rmott et al. (1970) J, Gem Virol 
71:1497-1504. Vaginally-administered mucosal adjuvants, in particdarch^ 

1 0 subunit, significantly raise IgA and IgG levels in the genital mucosa. (Tohannsson et aL 

(1998) //{^iinmum 66:514*520. These stocfiesst^ort the concept that mucosal associated 
lymphoid tissue participates in the generation of local immune-mediated protection. 
Furthomorci^tmlike parent^ vaccines, mucosal vaccfaiati^^ sudi as a vaginal delivery, 
prechKles the nec^sity of a pyiogra-fiee vaccme, caus^ fe\^ 

15 amenable to tpotine booster immunizatiorks. 

Administration of certain DNA sequences, generally known as'immunostimulatary 
sequences or 'ISS," induces an immune response with a Thl-type bias as indicated by 
secretion of Thl -associated cytokine The Thl subset of helper cells is responsible for 
classical cdlHDQiediated fimctions such as ddayed-lype hyp^r^^ 

20 cytotoxic T lymphocytes (CTLs), vAiereas the Th2 subset functions more effectively as a 
helper for B-cell activation. The type ofimmune response to an antigen is generally 
influenced by file cytokine produced by tlie cells respoiidixig to the an^ Differences in 
the cytokines secreted by Thl and Ili2 cells are believed to reflect diffident biological 
functions of these two subsets. See,- for exanq)le, Romagnani (2000) Amu AUergy Asthma 

25 Immunol 85:9-18. 

Administradon of an inmiunostimulatory polynucleotide witii an antigen results in a 
Thl-type inunune r^ponse to the administered antigen. Roman et al. (1997) NtOure Med, 
3:849-854. For example, mice ixyected iDtradermally with Escherichia coli (K coli) 
P-galactosidase (p-Oal) in saline or in the adjuvaiit alum respond 

30 IgGl and IgEarrtibodies, and CD4^ cells that secreted IL-4 and 11^5, b^ 

demoiistratiiig that the T cells were predornitiaid]yoftheTh2 subset However^mice 
injected inlradermally (or with atyne skin scratch ^licator) withplasmid DNA Qn saline) 
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encodiDg p-Gal and contaimng an ISS responded by producing Ig02a antibodies and CIW^ 
cells lhat secreted IFN-7, bnt not and IL-5, danonstr^ 

predominanfly of the Tbl subset ftforeover, stpecific IgE production by lie plaamid DNA- 
ixqected mice was reduced 66-75%. Raz et al. (1996) Proc. Natl Acad Set USA 93:5141- 
5 5145. In ^neral,1heieqiQnse to naked DNAimninnization is characterized b^ 

of IL.2, TNFa and IFN-y by antigen-stmmlated CD4* T cells, which is indicative of a lU - 
typeiBsponse. TMs is particularly iiiq)ortant in treatoentofaflexgy and asthma as dio^ 
by the decreased IgE productioa The ability of inmnmostimiilatary polynucleotides to 
stimulate a Ihl-type immime response has been demonstrated with bacterial antigens, viral 

10 antigens and Willi allergens (see, ibr example, WO 98/55495). 

CMher references descrflang ISS inchide: Kriegetal. (1989) J. Immunol 143:2448- 
2451; Tokunaga et al. (1992) Mcrobiol bmmoiol 36:55-6^ Kataoka et al. (1992)^ J. 
Cancer Res, 83:244-247; Yamamoto et aL (1992) J. Immunol 148:4072-4076; Mojdk et 
al. (1993) ain. Immuno. andlmmunopathoL 67:130-136; Biandaetal. (1993) Biochem. 

15 Phamacol 45:2037-2043; Pisetsky et aL (1994) Life SeL 54(2):101-107; Yamamoto et aL 
(1994a) Antisense Research and Development. 4:1 19-122; Yamamoto et al. (1994b) J. 
Cancer Res. 85:775-779; Raz et al. (1994) iVoa Natl Acad Sci XJSA 91^519-9573; : 
Kimura et aL (1994) J. Biochem (Tokyo) 1 16:991-994; Krieg et aL (1995) Nature 374:546- 
549; Pisetsky etal. (1995) Ann.N.Y. Acad ScL 772:152-163; Pisetsky (1996a) J: Immunol 

20 156:421-423; Pisetsky a996b) Immunity 5:303-310; Zhao et al. (1996) Biochem. 

Pharmacol 51:173-182; Yi et aL (1996)/ hnmunol 156:558-564; Krieg (1996) lyends 
Mcrobiol. 4(2):73-76; KnegetaL (1996) AntUense Nucleic Add Drug Dev. 6:133-139; 
Klinman et aL (1996) Proc. Natl Acad ScL USA: 93:2879-2883; Raz et al. (1996); Sato et. 
al. (1996) Science 273:352-354; Staeey et al. (1996) J. bnmmol 157:21 16-2122; Ballas et 

25 al. (1996) J: bnmunol 157:1840-1845; Branda et al. (1996) J! Lab. Clin. Med 128329- . 
338; Sonehara et aL (1996) J. Interferon and Cytokine Res. 16:799-803; Klinmaa et aL 
(1997) J. bnmunol 158:3635-3639; SpaiwasseretaL (1997) Eur. J. bnmunol 27:1671- . 
1679; Roman at aL (1997); Carson et aL (1997) J. Exp. Med 186:1621-1622; CSiace et aL 
(1997) Clin. bmramoL and bnmunopathol 84:185-193; Chu et aL (1997) J. Exp. Med 

30 186:1623-1631; lipfiwd et al. (1997a) Eur. J. Immunol 27:2340-2344; Upfbid et aL 

(1997b) £«r. J. Immunol 27:3420-3426; WeineretaL (1997) Proc: Natl Acad Sci USA 
94:10833-10837; Macferiane et aL (1997) bmnunology 91:586-593; Sdrwartz et al. (1997) 

5 
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J. Otn. Invest 100:68-73; Stein etal. (19yr)Antiseme Technology, Ch. 11 pp. 241-264, C 
Liditenstein and W. Nellen, Eds, IRL Press; Wooldridge et aL (1997) Blood 892994- 
2998; Leclac et al. (1997) CeU. Immunol 179:97-106; Kline et aL (1997) J. Invest. Med 
45(3):282A; Yi et aL (1998a) J[ Lnmunol 160:1240-1245; Yi et aL (1998b)/. Immunol 

5 160:4755-4761; YietaL (1998c) J. /OTOTMwi 160:5898-5906; YietaL(1998d)/iwmjno/. 
161 :4493-4497; Krieg (1998) Applied Antisense Oligonucleotide Technology OtL 24, pp. 
431-448,. CA Stein and AM. Eneg, Eds., \^ey-Liss, Inc.; Krieg et aL (1998a) Trends 
.Mcrobiol 6il3-2J; Kri^ et aL (1998b) J. Immunol 161:2428-2434; Kri^ ^ aL (1998c) 
Proc. Natl. Acad. Set USA 95:12631-12636; Spiegelberg et aL (1998) Allergy 53(45S):93- 

10 97; Homer et al. (1998) Cell Immunol 190:77-82; Jakob et aL (1998)7. Jmmunol 

161:3042-3049; Redfoid et aL (1998) J. Immunol 161:3930-3935; Weeratna et aL (1998) 
Antisense & NucJeie Acid Drug Development 8:351-356; McCluskie et al.'(1998) J. 
Immunol 161(9):4463-4466: Qiamzinski et aL (1998) Mol Med 4:109-118; Liu et al. 
(1998) Blood 92:3730-3736; Moldoveanu et aL (1^8) Vaccine 16: 1216-1224; Biazobt 

15 Milan et aL (1998) Proc Natl Acad ScL USA 95:15SS3-15SS8; Bioide et aL (1998) 

Immunol 161:7054-7062; Bioide et d. (1999) jfo. Arch Allergy Immunol 118:453-456; 
KovariketaL (1999)7 Lnmunol 162:1611-1617; Spiegelbag et al- (.1999) Pediatr. 
Fubnonol SuppL 18:118-121;MartinrOiozcoetaL(1999)/izt/iWRt0ioj: 11:1111-1118; 
EP 468,520; WO 96/02555; WO 97/28259; WO 98/16247; WO 98/18810; WO 98/37919; 

20 WO 98/40100; WO 98/52581; WO 98/55495; WO 98/55609 and WO 99/11275. See also 
EUdns et aL (1999) J. Immunol 162:2291-2298, WO 98/52962. WO 99/33488, WO 
99/33868, WO 99/51259 and WO 99/62923. See also Zimmetmann et al. (1998) J. 
Inamawl 160:3627-3630; Krieg (1999) Trends Mcrobiol 7:64-65; U.S. Patent Nos. 
5,663,153, 5,723335, 5,849,719 and 6.174,872. See also WO 99/56755, WO 00/06588, 

25 WO 00/16804; WO 00/21556; WO 00/67023 and WO 01/12223. 

Tbeie exists a need in the art for effective tieatmeiite of heipes viiiis infixti(^ 
All publications and patent q)plications cited herein are hereby incorpoiated by 
lefisrence m their ojtirety. 



30 DISCLOSURE OF THE INVENTION 

The inveotion provides mdhods of soppressing, ameUoradng and/or preventtng 
hopes virus infection in an individual using immunostimuktary polynucleotide sequeuces. 

6 
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Accoidingly, ia one aspect, the inventian provides methods of preventing, paffiating, 
ameliorating, reducing and/or eliminating one or more symptoms of heipes virus infection, 
praferably hapra sinqjleot virus infection, without administemg an alphaherpesvirinae 
antigen. A polynucleotide conyirising an immunostimulatDiy sequence (an "ISS") is 
5 a*nini5t8redtoanindividualvimisatiiskofbeingexposedtoa/i>A^ 

been e35>osed to a(^Aflfte?pan>Wmie or is infected wiflia/;?A^^ ThelSS- 
containing polynucleotide is administered wiflurat any atphaherpesvtrinae antigens («.&, 
a7j7Aaft»p8mrpwantigTOisnotco-admimstered). Administration ofthelSSresulte in 
reduced inddence, recurrence, and/or severity of ane or more syniptDnis of 
10 alphaherpesvbinae infection. 

In one enibodinient, the invention provides methods f(W preventing a synqj^ 
alphaherpesvirinae infection in an individual at risk of being exposed to 
caphaherpesvirtnae which entail adminislHing an effective amount of a oonqiositicm 
comprising a polynudeotide comprising an immunostiraulatray sequoice (ISS) (ie., an 
15 ainountoflhecon^positionsuffident to prevent a symptom of fl§>AaAe7^ 

infection) to the individual, livfaerdn tiie ISS conaprises the sequence 5'-C, Gw3' and 
v»*ensin an alphaherpesvirinae antigen is not administered in conjunction wifli 
administration oftiie composition (/.e., antigen is not administered witti the ISS^»ntaining 
polynncleotidfi), tiiereby preventing a symptom of alphaherpesvirinae infection. 

Another embodiment of tiie invention provides mefliods for preventing a symptom 
of fl^Aaftoyanwroae infectioii in an individual v*o has been exposed to 
alphaherpesvirinae vvhich entafl administmng an effective amount of a composition 
conqnising a pobraicleotide comprising an ISS to the individual, vdierdn fliB ISS 
conqrases tiie sequence S'-C, G-3' and vriterein an dlphdherpesvirinae antigen is not 



20 



wo 01768103 



PCT/lJSOl/07841 



€dphaherpesvtinaeva£&c&nL In a further mbodimeiil; the iixvendw 

reducing the ievel of vizal siiedding in an infected individual ^vilfa/z^^ such 

asHSV-l0rHSV-2. 

Another embodimetxt of ttie invention provides methods of sujTpressing an 
5 alphaherpesvirmae infection in an individual infected with or at nsk of being infected with 
alphaherpesvirime vMch entail administering an effective amount of a composition 
comprising a polynucleotide comprising an ISS totiie individual, wlieiein the ISS 
comprises the sequence 5'-C, &3' and wherein an alphaherpesvirime antigen is not 
administemi in coi]guncdon witib administration of the con^ 

10 cdphaherpesvirinae infection. 

Another embodiment of the invention provides methods of delaying development of 
an alphaherpesvirime infection and/or a symptom of d^haherpesvirtme infection in an 
individual infected or at risk of being infected with cdphaharpesvirinae ^diich entail 
administering an effective amount of a composition comprising a polynucleotide 

IS rampxising an ISS to the individual, T^^ieidn the ISS comprises the sequence S'-C, G-Y 
sDdvfbsremm alphaherpesvirime antigen is not administered in conjunction with 
administration of the composition, thereby delaying development of an alphaherpesvirinae 
infection and/or a symptom of alphaherpesvirinae infection. 

Another embodiment of tibe invention provides methods of reducing duration of an 

20 alphaherpesviririaemfct&oamdsiioi^ 

alphaherpesvirinae which entail administering an effective amount of a composition - 
comprising a polynucleotide compiising an ISS to the individual, v/bsrwx the ISS 
comprises the sequence 5**C, and wherein an alphaherpesvirinae antigen is not 
administered in corgunction with administration of the composition, th^by delaying * 

25 development of an alphaherpesvirinae infectioiL 

la another embodiment, the invention provides methods of reducing recurrence of a 
symptom of alphaherpesvirinae infection m an individual infected with alphaherpesvirinae 
which entail administering an effective amount of a composition comprising a 
polynucleotide comprising an ISS to the individual, v^iierein the ISS comprises the 

30 sequence 5*-C, 0-3' and i^iierein an alphaherpesvirinae antigen is not administered in 
conjunctian with administEation of the conqposition, thereby reducing recurrence of a 
symptom of alphaherpesvirinae infectioa 
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In another aspect; the invaition provides kits for use in am^ 
prevaitmg a symptom otdphdherpesvainae inibctiou in an individual infected wifh, 
exposed to or at risk of being oqwsed to edphaherpesvirime. The hts comprise a 
composition comprising a polynncleotide comprising an ISS, wherein the ISS canqmses 
flie seqooice 5'-C G-3' and wbsxwa. the kit does not comprise an alphahapesvirinae 
antfeen, the kits conqjrise instroctions fior administration of the compositioo to an 
individual infected with, exposed to or at risk of being eaqiosed to afyhaherpesvirinae. 

In some embodiments of fibs mettiods and kits of the invention, tte ISS comprises 
the sequence 5'-purine, purine, C, G, pyrinridine, pyrimidine, C, 0-3' or S'-purine^ purine, 
C,G,pyrimidin^pyrimidine,C,C-3'. In further embodiments ofihe methods and kits, the 
ISS comprises a sequaice selected fiwm the group consisting of AACGTTCC, 
AACGTTCO, GACGITCC. and GACGTTCG. 

In some embodiments of the methods and kits of the invention, the ISS comprises 
the sequence 5'-T, C, Q-3'. In some embodiments of flie methods and kits of the invention, 
the ISS comprises the sequence TGACTGTGAACGTTCGAGATOA (SEQ ID N0:1). 

In some embodiments of the methods and kits of the mveation, the mdividual is a 
mammaL hi fiittherranbodtments, die mammal is human. 

In some embodiments of the methods and kits of die invention, the 
a^kaherpesvirinae is a heipes maplBx. vmis. In fcther embodnnents of the methods and 
kits of the invcaHion, Ae herpes simplex virus is a heipes simplex virus 1 (HSV-1) vinis or 
a herpes shnplex virus 2 (HSV-2) virus. 

hi some embodiments of the methods and kits of the invention, the 
tdphaherpesvirmae is varicella zostar virus (VZV). 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

Figure 1 summarizBS results of ISS treatmait of mice uifected with HSV-2. The 
graph depicts animal survival following a lethal dmllcnge dose of HSV-2 and subsequent 
treatment regunens. Animals that received an ISS treatment demonstrated unproved 
survival as compared to animals that recaved non-ISS oligonucleotide treatments, PBS or 
notrertmeait 

Figure 2 summarizes results of ISS treatmeirt of guinea pigs infected with HSV-2. 
The gr^hs depict cumulative mean beipetic lesions over flie observation period in groups 
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of ammals lecehdng a single ISS treatment (^SS 1% lecemng a total of three ISS 
treatments HSS 3*^ or recehdng PBS alone C'sham"). 

Figure 3 simmarizes lesohs of ISS Healmeat of gainea pigs infected with HSV-2. 
The graph depicts cumulative mean hexpedc lesions over the observation period in groups 
S of animals leceivinig a single ISS treatment, a single non-ISS oligonucleotide treatment, 21 
acyclovir treatm0[xts or no treatment 

Figure 4 is a graphical depiction of the average number of genomic equivalents per 
shedding event fiom herpetic lesions in guinea pigs. 

10 MODES FOR CARRYING OUT THE INVENTION 

We have discovered metho ds of preventing and/or treating herpes vhros infections. 
The inveoction provides methods of using inununomodulatoxy polynucleotides that induce 
anti--viial cell-*mediated immune responses and promote anti-heip^ virus effects. The 
me&ods described herein arc ^licable to alphaherpe^virinae^ (eg: , herpes simplex 

1 5 viruses as well as varicella zoster virus)» and are particularly ^licable to preventing 
and/or treating herpes simplex virus infection. A polynucleotide comprising an 
immunostiniulatory sequence (an ^5*0 is administered to an individual ^o is at risk of 
being exposed to alphahefpesvirinae^ has been exposed to alphaherpesvirinae or is 
infected i^itiia^Aafte/Tie^&iRtye. Administration ofthe ISS iwithoutco-^adininistration of a 

20 herpes virus antigen r^ults in reduced inddence, recurrence and/or severity of one or more 
syniptoms of alphaherpesvirinae infection in an animal model of hespes virus infectioxL 

The invention also relates to kits for ameliorating and/or preventing a symptom of 
h^pes virus infection in eagiosed individuals. The kits; which do not contam an 
alph^rpesvirinae antigen, conqmse a polynucleotide comprising an ISS and instructions 

25 describing the administration of an ISS-containing polynucleotide to an individual for tiie 
intended tzeatmeni 

As the Examples illustrate, adnunistration of ISS to an art-accepted model of herpes 
vims infection in mice, namely mice infected with HS V-2, we have ^own that treatment 
with ISS resulted in decreased inddence {ie.^ individuals showing symptoms of £SV-2 
30 infection), improved survival and delays in both q>peatance of symptoms and time to death 
in symptomatic iiidividuals. Additionally, in an art^accqpted model ofacute and recurrent 
herpes simtplex virus disease, namely guinea pigs infected witii HSV-2, we have shown that 
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treatment with ISS resulted in a significant reductian of lesion recurreaces and a significant 
reduction in the level of viral shedding- An advantage to a reduction in viral shedding. 
Since the level of virus shedding is conelatedwifit viral transmiss^ ISS tieatmCTtmay 
be eflEective in a reduction in viral transnrission. Significantly, in contrast to previous 
reports of mmume moduladon by ISS, we report clinical eflEcacy of ISS in this viral 
context 

General techtiques 

The practice of die present invmtion will employ, unless oflierwise indicated, 
conventional techniques of molecular biology (including recombinant techniques), 
microbiology, cell biology, biochemistry and immnnology, vMdk are wifliin the skill of the 
art. Such techniques are explained fully in the literature, such as, Molecular Cloning: A 
Laboratory Manual, second edition (Samhrook et aL, 1989); Oligonucleotide Synthesis 
(MJ. Gait, eA, 1984); Animal Cell Cidiure (RJ. Freshney, ed., 1987); Methods in 
Enzymology (Academic Press, hic.); Handbook of Experimental Immim)logy (DM. Wen 
& C.a BladcwelU eds.); Gene Transfer Vectors for Mammalian Cells (JM Miller & M.P. 
Calos, eds., 1987); Current Protocols in Molecular Biology (FAl Aimbel et aL, eds., 
1987); PCR: The Polymerase Chain Reaction, (Mtdlis et aL, eds., 1994); Current 
Protocols in Immunology (J JE. Coligan et al., eds., 1991); The Immunoassay Handbook 
(David wad, ed., Stockton Press NY, 1994); and Methods of Immunological Analysis (R. 
Masseyeft WJi Albert, and N.A. Staines, eds., Weinhehn: VCH Veriags gesellschaft 
mhH 1993). 

Definitions 

The temi "herpes virus" refers to a virus which is a memh er of ttie femily 
herpesviridae. Herpes viruses comprise a hnearDNA genome contamed in a capsM The 
capsid comprises 162 cqjsomeres and is jqjprcndmately 100-1 10 nm m diameter. The 
cq>sidis surrounded by an amorphofus tegument and enclosed by a envelope covered with 
viral glycoprotem spikes. Tluman" herpes viruses (ie., herpes viruses wMchmf^ 
cells) include herpes simplex vmis 1 (HSV-1, also knovra as human herpesvirus 1), herpes 
simplex vims 2 (US V-2, also known as human herpesvirus 2), varicella-zoster virus (VZV, 
also known as human herpesvkus 3), Epstdn-Bair virus (EBV, also fcoown as human 
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h^pesvirns 4)3 cytomegalovirus (CMV> also known as human heipesvirus 5), as as 
bnnmherpBsviruses6.7,and8. HSV-l,HSV-2 and VZV are Iraman members of the 
subfemUy a^/iaftcjpewirwflc. *^aricelb TOstervirus'* or "VZV" refers to VZV 
infects hmnan cells. AlphaherpesvirtnaeQtQ<±axax^^^ 
5 efficieixtdestnictionofin£bGtedcdls»andtheafa^ Active 
tJphaherpesvirinae ixifecdQiis result in cutaneous^ mucosal and/or sensory neuron lesions. 
^Herpca sinq>leK viruses'' include NBSV-l and HSV-2. 

'^Exposure'' to a vims denotes encount^ 'with virus which allows infection, such as, 
for example, iqpon contact with an infected individual 

10 An individual is "semnegative'' &r a virus if antibodies ^ecific to the virus cannot 

be detected in blood or serum samples fiom the indrvidual using mediods standard hi "die 
art,suchasELISA« Conversely, anindividualis^'sempositive" for a vhm if ant^^ 
s|>ecific for the virus can be detected in blood or serum samples from the individual using 
methods standard in the art, such as ELIS A. AnindividiKdissaidto'^seroconverf'fora 

1 5 virus vfhexi antibodies to the virus can be detected in blood or serum fiom an mdividual 
vAio was previously seronegative. 

An individual vibo is "atrisk ofbeing exposed'* to a heipes virus is anindi^ual 
iniio my encounter the virus such that die virus infects tbe in£ 
cells and replicates). In die context of HSV-1, given the high prevalence of HSV^l 

20 m&ction, an individual at risk ofbemgescposed to HSV-1 is a^^ 

seronegativB for HSV-1 . In ib& context of HSV-2, an mdividual at risk of bdng exposed to 
the viius is an individuals^ is seronegative for HSV-2 and who is engaging in one or 
more high risk behaviots (L e. , oral sex or sexual relations without the use of bamer 
prophylactics). An individual at risk of being exposed to VZV is an individual who comes 

25 in close proxhnity to another individual who has active prinoary or recurrent VZV lesi ons. 

^Suppressing" hetpes virus in&ction indicates any aspect of viral infection, such as 
viral replicaticxn, time course of in&ction, amount (titer) of virus, l^ons, and/or one or 
more synqitoms is curtailed, inhibited, or reduced (in temis of sevens and/or duration) in 
an individual or a population of individuals treated with an ISS-containii^ polynucleotide 

30 in accordance with the invmtion as compared to an aspect of viral infection in an 

individual or a population of individuals not treated in accordance with the invention. 
Reductionin viral titer includes, but is not limited to, elimination of thevirus fi:om an 
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infected site or individual. Vird infeclion can be assessed by any means kn^ 
incihiding, but notfinsited to, xneasutement of virus particles, viral nucldc add or viral 
antigens and detection of one or more ^mptoms of vital infection and detection and/or 
measurement of anti-viros antibodies. Anti-virus antibodies are widely used to detect aod 
monitQr viral infection and generally are commeicially available. 

**Palliatiiig^ a disease or one or more symptoms of a disease or infection means 
lessening the extent and/or time comse of midesirable clinical manifestatians of a disease 
state or infection in an individual or population of individuals treated witii an ISS in 
accordance m&L the invention. 

As used herein, "delaying" development of a viral infection or a symptom of viral 
infection means to defer, hinder, slow, retard, stabilize, and/or postpone development of Ihe 
disease or synqrtom^n compared to not usfaig the meau)d(s) of tile iuv^ Tins 
dday can be erf varying lengflis of time, deprading on the histoiy of tiie disease and/or 
individual being treated. As is evident to one skilled in the art, a sufEdent or significant 
delay can, in efifecl, enconqxass prevention, m that tiie indivi dnal does not develop the 
disease. 

"Reducing severity of a synqrtom" or "ameliorating a syniptom" of viral infection 
means a lessening or improvement of one or more symptoms of viral infection as compared 
to not administering an ISS-containing polynucleotide. "Redudng severity" also includes 
shortening or reduction in duration of a symptom. For a/j?AflACTpe5virrmie,.tiiese symptoms 
are well known in the art and inchide. but are not limited to, cutaneous or muco sal lesions 
(eg., cotaneons, oral or genital herpetic sores) antiviral shedding (e,g., virus eKoretion): 

**Redncing duration of viral infection" m^ms the lengflj of time of viral infection 
(usually indicated by symptoms) is reduced, or shortened,- as compared to not admmistering 
an ISS^containing polynucleotide. 

"Preventing a synqytom of mfection" by a herpes virus means tiiat the syn^tom 
does not appear after exposure to the virus. 

*Tleducing recurrence" refers to a reduction in fiequency, severity and/or quantity 
of one or more reconent viral symptoms in an infected individual or a population of 
infected individuals. When appHed to a pcqjulation of individuals, "reducing Tecmrmce" 
m^ a reducti on in tiie mean or median fiequency, severity, quantity and/or duration of 
recurrent viral symptoms. 
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The term '%feclBd itidividaal''. as use^ 
infected by a herpes virus. For alphaherpesvirimie, symptoms of in&ctiQn indude 
sevopositmty (for any of llie alphaherpesvirmae), otolabial herpetic lesions (for HSV'^l), 
genital herpetic lesions (for E£SV-2 and oocasionaUy for HSY-1), Ihe disease varicella, also 
5 known as the chicken pox (for V2^, as well as other symptoms knomi in &b art 

A ^olog^cal sample" enconq>asses a variety of sample types obtained fiom an 
individual and can be iised in a diagnostic or monitoriDg assay. ThedeSnition 
enconipasses blood and other liquid san^les of biological origiii, solid tissue samples such 
as abiopsy specimen or tissue cultures or cells derived therefirom» and the progeny thereof 

1 0 The definition also includes samples that have been manipulated in any way after their 
procurement, such as by treatment widi reagents, solubilization^ or enric^^ 
components; such as proteins or polynucleotides. The term 'liiological sample" 
enconi^iasses a clinical sarnple, and also includes cells in culture, cell s^peznatants, ceD 
lysates» serum, plasna, biological fluid, and tissue sanqfles. 

IS ^'Viraltiter^ is a term wdl known in the art and indicates 

given biological sample. Amount ofvirus are indicated by various measurements, 
including, but not linoited to, amount of viral nucleic add; presence of viral particle^ 
replicating units (RU); plaque forming units (PFU). Generally^ for fluid sanq)lessudi as 
btood and utme, amount ofviros is determined per unit fluid, such as tnin^^ Forsolid 

20 ^nq)les sudi as tissue saniples, amount of virus is determined per weight uni^ such as 
grams. Mediods for detenDoining amount ofvirus are known in the art 
herein* 

An ""individnal'' is a vertebrate, prefiarahly a tnnTnTnni^ more preferably a human. 
Mammals xochide, but are not limited to, humans, £um flTiTrpalgj sp(^ animals, rodents, 
25 primates and certain pets. Vertebrates also include, but are not limited to, birds (le., avian 
individuals) and reptiles (he., reptilian individuals). 

The teim ^ISS" as used herein refes to polynucleotide sequences that effect a 
measurable immune respoxise as measured /nvf/rc7,fnvhvai^ Esanq)lesof 
measurable iminxme responses include, but are not limited to, antigen-specific antibody 
30 production, secretmn of cytokine activation or expansion of lymphocyte populations such 
as NK cells, CD4^ T lymphocytes, CD8* T lymphocytes, B lymphocytes, and the lite. 
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Preferabfy, the ISS sequences prefeentially acdvate a Thl^ype rrapwise. A 
polyuudeolide foruse in mediods of the invention contains at least one ISS. 

As used interchangeably haein, the trams "polynncleotide'' and "oligomiDleotider 
inchide single^tnmded DNA (ssDNA). double-stranded DNA (dsDNA), abgle-standed 
RNA (s&RNA) and double-stranded RNA (dsRNA), modified oligonucleotides and 
oligomicleosides or conaWnatioDs thereof The potynudeotide can be lineady or circularly 
configured, or the polynucleotide can contain bolii linear and circular segments. 

"Adjuvant refos to a substance vrhich, vvbsa. added to an immunogenic agent such 
as antigen, nonspedfically enhances or potentiates an immune lespraise to die agent in the 
recipient hostiqjon exposure to the mixture. 

An "efifective amount" or a "sufficiait amounf* of a substance is an amount 
sufEdeni to efifect beneficial or desired results, including clinical results. An effective 
amount can be adn±usteredm one or more administrations. A "ther^euScally efflbctive 
amoum?* is an amount to effect beneficial clinical results, including, but not IhnilBd to, 
alleviation of one or more synogrtwns associated vnUi viral infection as well as prevention of 
disease (e.g., prevoition of one or mm symptoms of infection). 

A microcanira is considered "biodegradable" if it is degradable or eiodable under 
normal mammalian physiological conditions. Generally, a microcamer is considered 
biodegradable if it is degraded (le., loses at least 5% of its mass and/or average polymer 
Imgth) aBer a 72 hour incubation at ST* C in nonnal human serum. Converaely, a 
microcarrier is considered 'Nonbiodegradable" if it is not degraded or eroded under nonnal 
mammali a n physiological conditions. GenertOly, a microcarrier is considered 
nonbiodegradable if it not degraded (i e., loses less than 5% of its mass and/or average 
polymer lengfli) afier at 72 hour mcubation at 3 7° C in nonnalhuman serum. 

The term '^immunosthnulatory sequouce-miaocarrin complex" or TSS-MC 
complex" refersto acomplEX of an ISS-containingpolyraioleotide and amictocairier. Tbe 
components of the complex may be covalently or non-covalently linked. Non-covalent 
Imkages may be mediated by aay non-covalent bonding forces including by hydrophobic 
interaction, ionic (electrostatic) bonding, hydrogen bonds and/or van der Waals attractions. 
In the case of hydrophobic linkages, the linkage is generally via a hydrophobic moiety 
(e.g., diolesterol) covalenfly linlced to the ISS. 
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As iised hexdn, tb£ tenn "conqpr^ 
sense; that is, equivalent to the tenn "including^ and its coirespanding cognates. 

As used herein, the singular f ozm "a", **eax**, and ^^e** includes phiral reference 
unless indicated otherwise. For exaniple, "a** symptom of viial infection inchides one or 
5 more additional synqitoms. 

Methods of the invention 

The invention provides methods for preventing one or more symptoms of hetpes 
virus infection, treating, reducing severity of and/or delaying development of one or more 
1 0 symptoms of herpes virus infection and reducing recuneace of one or more syiiq>toms of 
herpes virus infection by administering an ISS-containing polynucleotide (used 
interdiangeably herein with '^S") to an individual widiout administedng aihetpes virus 
antigen. Ilieheip^virusmay beaixy ofthea^/toAe/T^ejvi^ 

herp^ simplex viruses. An ISS-containing composition v^ch does not include a herpes 

1 5 virus antigen is administered to an individual at ri£^ of e?q>osure to, exposed to, infected 
with and/or exhibiting one or more symptoms of infection fay alphaherpesvirime. 
Individuals receiving ISS are prefi^ly mammal, more prefembly faoman. In accordance 
with the invention, heip es virus antigen is not administered to the individual in conj unction 
with administration of an IS S (i. e. , is not administered in a separate administmtion at or 

20 about tibiB time of administration of the ISS). In some embodiments, the level (eg:, 
magnitnde or amount) of viral shedding is reduced after administration of ISS. 

In some embodiments, the individual is at risk of being exposed to virus. 
Detennination of an at risk individual is based on one or more &ctors that are associated 
with disease development and are generally kno\m by, or can be assessed by, a sidlled 

25 diniciaa At risk individuals may be especially suitable candidates to receive ISS, as these 
individuals are generally cornered to be particularly susceptible to developing symptoms 
of infection, \^ch conld abo fortiier lead to other con:q>lications. For exanq>le, in the 
context of HSV-1 infection, any non-infected individual is considei^ at risk, due to 
wide spread prevalence of HSV-1 infection. In the context of HSY-2 infection, an 

3 0 individual at risk is an individual vAo practices unsafe sexual practices (e g: , ^igages in 
oral'^enital or genital-g^tal contact without the use of bairie^^ Other 
examples of at risk individuals are those who are immunocompromised. An individual at 
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risk of being exposed to VZV is an individual who comes in close proximity to another 
individual 1^ has active primary or lecment VZV lesio 

In other embodiments, the individual is, or has been, exposed to and/or infected by 
virus, E:»qK)me to virus is generaUyiiidicated by sufBcient contact 
5 individual or mfected location. Exposure can also be mdicated by development of one or 
mwe symptoms associated with viral infection. Infectionbyvkusm^ be indicated by any 
of the above, as well as detection of virus or anti-virus antibodies (z.e., the individual 
becomes seropositive) m a biological sample from the individual. 

10 ISS 

The methods of tins invention eartail administering a polynucleotide comprising an 
ISS (or a composition comprising such a polynucleotide). In accordance with the present 
invention, tiie immunomodiilatoiy polynucleotide contains at least one ISS, and can contain 
multiple ISSs. TheISSscanbea^acentT!wfhinthBpotymicleotide,or1heycanbe ■ 

15 separated l?yadditiond nucleotide bases wifljin the polynucleotide. Alternately, multiple 
ISSs may hs delivered as individual polynucleotides. 

ISS have been described in flie art and may be readily identified using standard 
assays vAatii indicate various aspects of the immune response, such as (gloldne secretion, 
antibody production, NK cell activation and T cell proliferatirai. See, e.g., WO 97/28259; 

20 W098/16247;W099/11275;RriegetaL(I995);YBmamotoetal.(1992);Ballasetal. ' 
(1996); Klinman et aL (1997); Sato et aL (1996); Kseteky (1996a); Shimada et aL (1986) 
^n. J. Cancer Res. 77MS-m; Cowdery et aL il996)J.ImmmoL 156:4570-4575; Roman 
et al. (1997); and L^ford et al. (1997a). 

The IS S can be of any length greater than 6 bases or base pairs and generally 
25 wmprisestije sequence 5^cytosuie,guanine-3% preferably greater than 15 

pairs, more preferably greater than 20 bases or base pahs m length. As is well-known m 
1he art, the cytosme of the 5'-cytosme, guanine-3' sequMice is unmethylated. An ISS may 
also conqirise the sequence 5'-purine, purine, C, G, pyrimidine, pyrimidme, C, 0-3'. An 
ISS may also comprise tiie sequence S'-purine. purine, C, O, pyrimidme, pyrimidine, C, C- 
30 3'. As indicated m polynucleotide sequences below, an ESS may conqnise (ie., contam 
one or more of) the sequence 5'-T, C, G-3Mn some embodunenls, an ISS may comprise 
the sequence 5'-C, G, pyrimidine, pyrimidme, C, 0-3' (such as 5'-CGTTCG'3'). In some 
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embodimeats^ an ISS may comprise the sequeace 5'-C, G, pyiimidine^ pyiimidine, C» G, 

purine, pnzme-3'. In some embodimeiits, an ISS ranqtrisesfhe sequence 

C. G, pyrimidinB, Eyiimidine-3' (sudi as 5'-AACGTT-3'). 

In some embodiments, an ISS may comprise the sequence S'-putine, T, Q G, 
5 pyrimidine, pjnamidine-S*. 

In some embodiments, an ISS-containing polynucleotide is less tiian about a^y of 

the following lengths (in bases or base pairs): 10,000; 5,000; 2S00; 2000; ISOO; 1250; 

1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75; 50; 25; 10. Li some embodiments, 

an ISS-contaimng po^yinicleotide is greater than about any of the following lengflis ^ 
10 bases or base pairs): 8; 10; 1 5; 20; 25; 30; 40; 50; 60; 75; 100; 125; 150; 175; 200; 250; 

300; 350; 400; 500; 750; 1000; 2000; 5000; 7500; 10000; 20000; 50000. Alternately, the 

ISS can be any of a range of sizes baving an upper limit of 10,000; 5,000; 2500; 2000; 

1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75; 50; 25; or 10 and an 

independendy selected lower Umit of 8; 10; IS; 20; 25; 30; 40; SO; 60; 75; 100; 125; 13.0; 
15 175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 5000; 7500, ^dieidntiiB lower limit is 

less than the iipper Umit 

In some embodiments, tibe ISS comprises any of the following sequences: 

GACGCTCC; GACGTCCC; OACXSTTCC; GACX3CCCC; AGCGTTCC; AGCGCTCC; 

AGCGTCCC; AGCGCCCX:; AACGTCCC; AACGCCCC; AACGTTCC; AACGCTCC; 
20 GGCGTTCC; GGCGCTCC; GGCGTCCQ GGOGCCCC; CACGCTCX^, GACGTCCG; 

OACGCCCG; QACOTTCO; AGCGCTCG; AGCGTTCG; AGCGTCCG; AGCGCCCG; 

AACGTCCG; AACGCCCG; AACGTTCG; AACGCTCG; GGCGTTCG; GGCGCTCC^ 

GGCGTCCG; GGCGCCCG. In some embodiments, ^e immnnomodulatoiy 

poiynudleotide conqirises the sequence S'-TGACTGTGAACGITCGAGATQA-S' (SEQ 
25 IDN0:1). 

In some embodiments, tiie ISS ccnnprises any of the following sequentxs: 

GACGCU; GACGUC; GACGUU; GACGUT; GACGTU; AGCGUU; AGCGCU; 

AGCGUC; AGCGOT; AGCQTU; AACGUC; AACGUU; AACQCU; AACGUT; 

AACGTU; GGCGUU; GGCGCU; GGCGUC; GGCGUT; GGCGTU. 
30 In some embodiments, tiie ISS compiises any of the following sequences: 

GABGCTCC; GABGTCCC; GABGTTCC; QABG(XCC; AGBGTTCC; AGBGCTCC; 

AGBGTCCC; AGBGCCCC; AABGTCCC; AABGCCCC; AABGTTCC; AABGCTCC; 
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GGBGTTCC; GGBGCTCC; GGBGTCCC; GGBGCCCC; GABGCTCG; GABGTCCG; 

GABGCCCG; GABGTTCG; AGBGCTCO, AGBGTTO^, AGBGTCCG; AGBGCCCG; 

AABGTCCQ; AABGCCCG; AABOTTCG; AABQCTCG; GGBGTTCG; OGBGCTCG; 

GGBGTCCC^, GGBGCCCG; GABGCTBG; GABGTCBG; GABGCCSG; GABGTTBG; 
5 AGBGCTBG; AGBGTTBG; AOTGTCBO, AGBGCCBC^, AABGTCBG; AABGCCBG; 

AABGTTBC^ AABGCTBO; GGBGlTBCh, GGBGCTBG; GGBGTCBG; QGBGCCBG, 

vfbiae B is 5-hiomocytosme. 

- In some embodimeats,1]ie ISS comprises air^ of the follow^ 

GABGCUCC; GABGUCCC; GABGUTCC; QABQTUCC; GABGUUCC; AGBGUUCC; 
10 AGBGTUCC; AGBGUTCC; AGBGCUCC; AGBGUCCC; AABGUCCC; AABGUUCC; 

AABGUTCC; AABGTUCC; AABGCUCQ GGBGUUCQ GGBGUTCC; GGBGTUCC; 

GOGCUCC; GGBGUOX; QABGCUCG; QABGUCCO; GABGUUCQ; 

GABGUTCO,GABGTUCG; AGBGCUCG; AGBGUUCG; AGBGUTCG; AGBGTUCG; 

AGBGUCCG; AABGUCCG; AABGUUCG; AABGUTCG; AABGTUCC^ AABGCUCQ; 
15 GGBGUUCG; GGBGUTCG; GGBGTUCG; GGBGCUCG; GGBGUCCG; GABGCUBG; 

GABGUCBO; GABGUUBC^ GABGUTBG; GABGTUBG; AGBGCUBGk,AGBGUUBG; 

AGBGUCBG; AGBGUTBG; AGBGTUBC^, AABGUCBG, AABGUUBC^ AABGUTBG; 

AABGTUBG; AABGCUBG; GGBQUUBG; GGBGUTBO; GGBGTUBG; GGBGCUBG; 

GGBGUCBG, wbere B is S-faiomocytosine. 
20 In otbor embodiment^ the ISS compdses aoy of the sequences: 

5'-TGACCGTGAACGTrCGAGATGA-3' (SEQ ID N0:2); 

5'-TCATCrrCGAACGTTCCACAGTCA-3' (SEQ IDN0:3); 

5'-TQACTGTGAACGTTCCAQATGA-3* (SEQ IDN0:4); 

5*-TCCATAAa3TrCQCCTAACG*ITCGTQ-3' (SEQ IDN0:5); 
25 5'-TGACTGTGAABGTrCCAGATGA-3' (SEQ IDNO:6), ^vheie B is 5-bromocytosine; 

5'-TQACTGTGAABGTrCGAGATGA-3' (SEQ ID NO:7), vAere B is 5-bromocytosine 

and 

S'-TGACTGTGAABGTIBGAGATGA-S' (SEQ ID N0:8), where B is 5-bromocytosine. 
la some embodiments, the imnnmomodulatDiypolynudeatide com 
30 seqoeace 5'-TCGTCGAACGTTCGTrAACGTrCG.3' (SEQ ID N0:9). 

An ISS and/or ISS-containing polynucleotide may canlain modifications. 
Modifications of ISS indude any known in the art, butarc not limited to, modifi^ 
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the 3'-0H or 5*-OH groiq>, modifications of the nucleotide base, modificalioiis of tfie sugar 
component^ and modifications of the phosphate group. Varions such modifications are 
described bdow. 

An IS S m^ be SEingle stranded or double stranded DNA, as well a$ single or 
S doiibleHStrandedKNA or other modified polynucleotides. An ISS may or may not include 
one or more palindromic regions, vMdtk may be present in tiie mofifi described above or 
may extend beyond the motif. An ISS may conipdse additional flanking sequences, some 
of which are described herda An ISS may contain natuially-occumng or modified, non- 
natoredly occuiring bases, and may contain modified sugar, phosphate, and/<^ For 

10 e^canople, phosphate modifications uidude, but are not limited to, methyl phosphonate, 
phosphorotfaioate, phosphoramidate (bridging or non-bridging), phosphotriester and 
phosphoTDdilfaioatB and may be used in any combination. Oth^ non-phosphate linkages 
may also be used. Preferably, polynucleotides of the present invention compiise 
phosphorotbioate backbones. Sugar modifications known in Ifae field, such as 2'-aIko3Qr- 

15 RNA analogs, 2'-amino-RNA analogs and 2'-a]koxy-* or amino-KNA/DNA diimeras and 
otiiers de^sribed herein, m^ also be made and combined with any phosphate modification. 
Examples of base modifications include, but are not limited to, addition of an electron- 
withdrawing moiety to C-5 and/or C-6 of a cytosine of the ISS (e.g:, 5-bromocytosine, 5- 
cfalorocytosine, S-fluorocytosine, S4odocytosine). 

20 The ISS can be synthesized using techniques and nucleic add synthesis equqmient 

which are well known in the art mchiding, but not limited to, enzymatic methods, diemical 
methods, and the degradation of laiger polynudeotide sequences. See, for exanxple, 
Ausubel et aL- (1987); and Samhrook et aL (1989). When assembled enzymatically, the 
individual units can be ligated, for example, witii a ligase such as T4 DNA or KNA ligase. 

25 U.S. Patent No. 5,124,246. Polynucleotide degradation can be accomplished through Ifae 
exposure of an polynucleotide to a nuclease, as exenqplified in U.S* Patent No. 4,650,675. 

The ISS can also be isolated using conventional polynucleotide isolation 
procedures. Such procedures include, but are not lioodted to, byfaridr^ 
genomic or cDNA libraries and syntiiesis of particular native sequences by the polymerase 

30 chain reaction. 

Circular ISS can be isolated, syntiiesized tinougjbi recombinant methods, or 
chemically synthesized* Whare the circular ISS is obtained through isolation or through 
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recombinant mefliods, Ihe ISS will presferably be a plasmiA The chemical synthesis of 
smaller dicular oligonucleotides can be performed using any method described in the 
literature. See, for instance, Gao et al. (1995) Nucleic Acids Res, 23:2025-2029; and Wang 
etaL {\99A) Nucleic Acids Res, 222326-2333. 

The techmques for making polynudeotides and modified polynucleotides are 
knowninfhearL NaturaUyoccmiingDNA or RNA, containing phoqplK>^^ 
geoMally synthesized by sequentially coiqjling the ^ropriate micleosidB phosphooramidite 
to the 5*-hydroxy groxqp of the growing polynucleotide attadied to a solid si^port at Ihe 3*- 
end, followed by oxidation of the intermediate phosphite tri^ter to a phosphate triester. 
Once the desired polynucleotide sequence has been synthesized, the polymocleotide is 
removed fiom the support, the phosphate triester groups are deprotected to phosphate 
diesters and the nucleoside bases are deprotected using aqueous ammonia or other bases. 
See, for example, Beaucage (1993) "Oligodeoxyiihonucleotide Synthesis'* in Protocols for 
Oligonucleotides and Analogs, Synthesis and Properties (Agrawal, cA) HumanaPress, ■ 
Totowa, NJ; Warner et al. (1984) DNA 3:401 and US, Patent No. 4,458,066, 

The ISS can also contain phosphate-modifiBd polynucleotides. Synthesis of 
polynucleotides contaimng modified phosphate linkages or non-phosphate linkages is also 
knowuxflieart For a review, see Matteucd (1997) *X)Kgonucleoti^ 
Overview" in Oligonucleotides as Thercpeutic Agents, p J. Chadwick and G, Cardew, ed) 
John Wiley and Sons, New York, NY. The phosphorous derivative (or modified phosphate 
groi^) which can be attached to the sugar or sugar analog moiety in the polynucleotides of 
the present invention can be a moaiophosphate, diphosphate, triphosphate, 
alkylphosphonate, phosphorothioafce, phosphorodithioate or the like. The preparation of the 
above-noted phosphate analogs, and thdr incorporation into nucleotides, modified • 
nucleotides and polynucleotides, per se, is also known and need not be described here in 
detail. Peyrottes et al. (1996) Nucleic Acids Res, 24:1841-1848; Chaturvedi et aL (1996) 
Nucleic Acids Res. 242318-2323; and Schuhzetal, (1996) ^wcfe/c^c^&ie^^ 242966- 
2973. For example, synthesis of phosphorofliioate polynucleotides is similar to flat 
described above for naturally occurring polynucleotides racept that the oxidation step is 
replaced by a sulfuiization step (Zon (1993) "Oligonudeoside Phosphorothioates" in 
Protocols for Oligonucleotides and Analogs, Synthesis and Properties (Agrawal, ed.) 
Humana Press, pp. 165-190). Similarly the synthesis of other phosphate analogs, such as 
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phosphotriester (Miller et aL (1971) JACS 93:6657-6665), non-hridging phosphoraoridates 
(Jager et aL (1988) BiochenL 27:7247-7246), N3' to P5' phosphoraimdates (Ndscm et al. 
(1997) JOC 62:7278-7287) and phosphoiomoates (U^. Patent No. 5,453,496) has also 
been described. Other non-phosphoroiisba^ modified polyn^ 
{%6ta^^di.il9%9)NmleicAculsRBs. 17:6129-6141). Polynucleotides with 
phosphoiofhioate backbones can be moie immunogenic than those with phosphodiester 
backbones and appear to be more resistant to degradation after ixxjection into the host 
Biaun aL (1988) J. Immunol 141:2084-2089; and Latimer et aL (1995) Mol Immunol 
32:10574064. 

ISS-contahring polynucleotides used m the invention can comprise ribonucleotides 
(containing ribose as the only or prind^ sugar component^ deoxynbonucleotides 
(containing deoxyribose as the prmcipal sugar component), or, as is known in the art, 
modified sugars or sugar analogs can be incorporated in the ISS. Thus, in addition to 
ribose and deoxyribose, the sugar moiety can be pentose, deoxypentose, hexose, 
deox^iexDse, glucose, aiabinose, 3^1ose, lyxose, and a sugar ""analog" (^dopentyl gtoiq). 
Thesugarcanbeinpyranosylorinafiiranosylfbtm. In the ISS, the sugar moiety is 
preferably the finianoside of ribose, deoxyribose, arabinose or 2'-0^alkylribose, and the 
sugar can be attached to the lesp ective hetero cyclic bases either in a or p anomeric 
confignralioit Sugar modificatioiksiiicludfi, but are not linuted to, 2'-aIkoxy-R^^ 
2'-amiQo-BNA analogs and 2'-alkD^- or amino-RNA/DNA chinaeras. The preparation of 
these sugars or sugar analogs and the respective '^nucleosides" wherein such sugars or 
analogs are attached to a heterocydic base (nucleic add base) per se is known, and need 
not be described here, except to the extent such preparation can pertain to any specific 
example. Sugar modifications may also be made and combined with any phosphate * 
modification in the preparatian of an ISS. 

The heterocyclic bases, or nucldc add bases, vMch are incoiporated in the ISS can 
be the naturally-occurring principal purine and pyrimidine bases, (namely uradl or 
thymine, cytosine, adenine and guanine, as mentioned above), as well as naturally- 
occurring and synthetic modifications of said principal bases. 

Those skilled in the art will recognize that a large number of "^^nthetic" 
non-natural nucleosides comprising various heterocyclic bases and various sugar moieties 
(and sugar analogs) are available m the art, and tiiat as long as other criteria of the preswt 
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invention are satisfied, the ISS can include one or several heterocyclic bases other than the 
prfucipal five base components of naturally-occurring nucleic adds. Preferably, however, 
tiie heterocyclic base in the ISS includes, but is not limited to, uracfl-S-yl, cytosin-5-yl, 
adenin-7-yl, adenin-S-yl, guamn-7-yl, guanin-8-yl, 4-am2nopyrK)lo pyiimidin-5-yl, 
2-ammi>-4-oxopyrolo [2,3-d] pyrimidin-5-yl, 2-amino-4-oxopyirolo [2.3-d] pyiimidin-3-yl 
gtoiq>s, ^ere flie purines are attached to the sugar moiety of the ISS via the 9^position, the 
pytimidines via the 1 -position, the pynrolopyrimidines via the 7-position and the 
pyrazolopyrimidines via the 1 -^ositioiL 

The ISS may comprise at least one modified base as described, for example, in the 
commonly owned international application WO 99/62923. As used herein, the term 
"modified base" is synonymous whh *tase analog", for example, 'Edified cytosine** is 
synonymous with "cytoshie analog," Sfanilariy, ^^modified" nucleosides or nucleotides ate 
herein defined as bring synonymoi» with nucleoside or nucleotide "analogs/* Examples of 
base modificadons mclude, but are not limited to, addition of an electron-withdmwing 
moiety to C-5 and/or C-6 of a cytosme of the ISS. Preferably, the electcon-wilhdrawing 
moiety is a halogen. Such modified cytosines can include, but are not limited to, 
azacytosine, S-bromocytosine, bromouracil, S-cUorocytosine, chlorinated cytosine, 
cydocytosme, cytosine arabmoside, 5-fluorocytosme, fluoropyrimidine, fluorouracil, 5,6* 
dihydrocytosine, 5-iodocytosine, hydrojQrurea, iodouracil, 5-nitrocytosine, uracil, and any 
other pyrimidine analog or modiGed pyrimidine. 

The preparation of bas&-mo<Kfied nucleosides, and the synthesis of modified 
polynucleotides using said base-modified nucleosides as precursors, has been described, for 
example, in U,S. Patents 4,910,300, 4,948,882, and 5,093,232. These base-modified • 
nudeosidBS have been designed so that they can be mcorporated by chemical synthesis into 
either t^minal or internal positions of an polynucleotide. Such base-modified nucleosides, ' 
present at either terminal or internal positions of an polynucleotide, can serve as sites for 
attachment of a peptide or other antigen. Nucleosides modified in their sugar moiety have 
also bera described Onchiding, but not limited to, e,g., U.S. Patents 4,849,513, 5,015,733, 
5,118,800, 5,118,802) and can be used similarly. 

The ISS used in flie methods of the invention may be produced as ISS-microcamer 
complexes, ISS-nricrocarrier complexes comprise an ISS-contaming polynucleotide bound 
to a mitrocanier (MC). ISS-MC complexes conqmse aa ISS bound to flie surfece of a 

23 



wo U1/681U3 



PCT/USOl/07841 



microcanier(ie,&eISSisnot©tMJ25>suk^ . 
(e.g.^ adsorbed to PLOA beads), or eDcq)sulated within a MC (e.^., incorporaled within 
liposomes). 

ISS-containing oligonucleotides bound to microparticles (S^HAROSB® beads) 

S have previously been shown to have imnranostimulatDiy actxvity^ in vitro (Liang et al., 

(1996), J. C7&t Imest 98:1119-1129). However, recent results show that ISS-containing 
oligonucleotides bound to gold, latex and magnetic particles are not active m stimulating 
proliferation of 7TD1 cells, ^^^ch proliferate in response to ISS-containing 
oHgonucleotides (Manzel et aL, (1999), Antisense NucL Acid Drug Dev. 9:459-464). . 

10 Microcarriers are not soluble in pure water, and are less than about 50-60 in 

size, preferably less than about 10 (im in size, more preferably firom about 10 nm to about 
1 0 ^m, 25 nm to about 5 pm, SO imi to about 4.S|jmc(rl.0^mto about 2.0 pm in size. 
Kificrocarreis may be any shq)e, such as spherical, ellipsoidal, rod-sh^ed, and the like, 
althoTJgh spherical microcaniers are normally prefen^ Prefwed microcaniers have sizes 

IS of or about SO nm, 200 nm, 1 pm, \2 pm, 1.4 pm, 1^ pm, 1.6 pm, 1.8 pm, 2,0 pm, 2.5 pm 
or4Jpm. The *'si2e''ofanucrocarier is generaUy the "design size'* or intended size 
{articles stated by the manu&cturer. Size may be a directly measured dimension, such as 
average or maximum diameter, or may be d^Brmined by an indirect ass^ such as a 
fihradon screening assa/. Direct measurement ofmicrocarrier size is typically carried- out 

20 microscopy, generally fight microscopy or scanniiig electron microscopy (SEM), in 

comparison with particles of known size or by reference to a micrometer* As minor 
variations in size arise during the manufacturing process, microcarriers are considered to be 
of a stated size if measurements show&e microcarriers are + about 5*10% of the stated 
measurement Size cliaracteristicsniay also be detennined by dynannc light scat^^ 

25 Alteniately,inicrocanier size may be detennined by filtration screenings A 

microcarrier is less than a stated size if at least 97% of the particles pass througjbi a ^screen^ 
type" filter (£ a filter in v^ch retained particles are on the sur&ce of flie filter, such as 
polycarbonate or polyefhersulfone filters, as opposed to a "^depth fitter^ in vriiich retained 
particles lodge within the filter) of the stated size. A microcarrier is larger tiian a stated 

30 size if at least about 97% of the microcarrier particles are retained by a sareen-type filter of 
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the Stated size. Thus, at least about 97% nucrocanieisofabout 10 pm to abo^ 
^ pass tbiooi^ a 10 pm pore screen filter and are retained by a 10 nmscreeii filter. 

As above discussion indicates, reference to a size or wze range for a nridocarrier 
implicitly includes {^proximate variations and approximatiQns of the stated size and/or size 
range. This is reflected by use ofthetetin"aboirf* when refen^ 
range, and reference to a size or size range wifliout reference to "about" does not mean that 
the size and/or size range is exact 

Microcatriers may be solid phase (e.g., polystyrene beads) or liquid phase (e.g., 
Hposomes, micelles, or oil droplets in an oil and water emulsion). Liquid phase 
microcarxLers include Iqjosomes, micelles, oil droplets and other lipid or oil-based particles. 
One preferred liquid phase microcanier is oil droplets within an oil-in-water emulsion. 
Preferably, oil-inrwater emulsiQns used as microcameis comprise biocompatible 
substituents such as squalene. liquid phase microcatriers are normally considfiied 
nonbiodegradable, bat may be biodegradable liquid phase microcairiers may be produced 
by incoiporation of one or more biodegradable polymers in the liquid microcarrier 
ibrraulation. In one preferred embodiment, Ihe miCTocarrier is oil droplets in an oil-in- 
water emulsion prepared by emulsification of squalene, sorbitan trioleate, TWEEN 80® in 
an aqueous pH buffer. 

Solid phase microcatriers for use in ISS-microcanier complexes may be made ftom 
biodegradable materials or nonbiodegradable materials, and may inchide or exclude 
agarose or modified agarose microcarri«s. Useful soKd phase biodegradable microcatriers 
inchide, but are not limited to: biodegradable polyesters, such as poly(lactic add), 
poIy(glycohc acid), and copolymers (including block copolymers) thereof as weD as block 
copolymers of poly(Iactic add) and poly(efliylene glycol); polyorthoesters such as 
polymers based on 3,9-die«JiyKdene-2,4,8,10-tetraoxaq>iro[5.5]u^ 
polyanhydiides such as poly(anhydride) polymers tased on sebadc add, 
(caiboxyphenoxy)propane, orp<carboxyphenoxy)hexane; polyanhydride fanides, such as 
polyanhydride polymers based on sebacic acid-derived monomers mcoiporating amino 
adds (ie., linked to sebacic acid by imide bonds througji the amino-terminal nitrogen) such 
as glycine or alanine; polyanhydride esters; polyphosphazenes, espedally 
poly(phosphazenes) which contain hydrolysis-sensitivB ester groups which can catalyze 
degradation of the polymer baddxme through generation of carboxyUc add groups 
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(Schacht et aL (1996) BiotechnoL Bioeng. 1996:102); and polyamides sudi as polyClactic 
add-C{^-lysixle). A ^de variety of nonbiodegradable materials suitable for mann&ctuiing 
microc^niers are also known* inchiding, but not limited to polystyrene, polyethylene, latex, 
gold, and ferromagnetic or paramagnetic materials. Solid phase miorocaniers may be 
5 covalently modified to tncoxporate one or more moieties for use in linking the ISS» for 
example by addition of amine groins for covalent litilring using amine-reactive 
ctosslinkers. 

Hie ISS-nucrocatrier con^>texes may be covalently or non-covalenQy linked. 
Covalenfly linked ISS-MC complexes may be direcdy linked or be linked by a crosslinking 

10 moi^ of one or more atoms (typically the residue of a crosslinking agent). ThelSSmay 
be modified to allow or augment binding to the MC (e,g, , by incorporation of a fiee 
sol&ydryl for covalent CTosslinking or addition of a l^drophobic moieties such as Hpids, 
steroids, sterols such as cholesterol, and teipenes, for hydrophobic banding), allbougih 
unmodified ISS may be used for formation of non-covalent ISS-MC complex, formation by 

15 electrostatic interaction or by base pairing (c.^., by base pairing at least one portion of the 
ISS with a complementary oligonucleotide bound to the microcarrier). ISS-^xintaining 
polynucleotides may be linked to solid phase microcarriers or other diemicat moieties to 
fedfitate ISS-MC complex formation using conventional technology known in Ihe art, such 
as use of available heterobifonctional crosslinkers (e*g:, sucdnimidyl 4-(ti- 

20 • maleimidomedQrl)cyclohexane-l-carbo?7late or its sulfo-derivatrves for covalently linking 
an amine-derivafized micro carrier and an IS S modified to contain a fiee sutby dry 1) or by 
addition of compounds such as cholesterol (e.g., by the method of Godard et aL (1995) Eur. 
J. Biochenu 232:404-410) to &dlitate binding to hydrophobic microcanders sudi as oil 
droplets in oil-inrwater emulsions* Alternatively, modified nucleosides or nucleotides, 

25 sudi as are known in the art, can be incorporated at eiflier terminus, or at internal poidticns 
in the ISS. These can contain blocked fonctional groins which, when deblocked, are 
reactive widi a variety of fonctional groitps which can be present on, or attached to, the 
rnicrocamer or a moiety ^ch would fadUtatebindiiig to aim Certam 
embodiments of noncovalentiy linked ISS*MC complexes utilize a bmding pair (e.^: , an 

30 antibody and its cognate antigen or biotin and streptavidin or avidin), ^ere one memb^ of 
the bmdiiig pair is bound to the ISS and foe microcarrier is derivalized 
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member of tlie binding pair (e.g:, a biotinylated ISS and a streptavidin-derivatized 
miciocarrier may be combined to foErai a noncovalently linked ISS-MC conqjlex), 

Non-covalent ISS-MC complexes bound by electrostatic binding typically ejcploit 
the higbfy negative charge of the polynucleotide backbone. Accordingly, microcamers for 
use in non-covalenfly bound ISS-MC comple?ces are generally positively charged (e.g., 
cationic) at physiological pH (e.g-, about pH 6.8-7.4). The microcaiiier may intrinsically 
possess a positive charge, but microcanieas made from compounds not normally possessing 
a positive charge may be derivatized or otherwise modified to become positively charged 
(e.g:, clonic). For exanq)le, the polymer used to make the roicrocairier may be 
derivatized to add pc^tively chained groups, such as primary ami^ Alternately, 
posrtiveljr charged conq}ounds may be incorporated in the formulation of the miraocanier 
during manufectore (eg. , positively charged surfectants may be used during the 
manufecture of poly(Iactic adc^/polyCglycolic acid) copolymers to confer a positive diarge 
on the resulting microcarrier particles. 

Solid phase microspheres are prepared using techniques known in the art. For 
example, Ihey can be prepared by emulsion-solvent extraction/evaporation technique. 
Genera%, in this technique, biod^radable polymers such as polyanhydrates, poly(alkyl-a- 
cyanoacrylates) and poly(a-hydroxy est^), j&wr example, poly(lactic acid), polyCglycoKc 
acid), polyCD X-lacdc^-glycolic acid) and poly(caprolactone), are dissolved in a suitable 
organic solvent, such as mefliylene chloride, to constitute the di^ersed phase (DP) of 
emulsion. DP is emulsified by high-speed homogenization into excess volume of aqueous 
continuous phase (CP) that contains a dissolved sutfectant, for example, polyvinylalcohol 
(FVA)orpolyvinylpiirolidoneCPVP). Surfectant in CP is to ensure the formation of 
discrete and suitably-sized emulsion droplet llie organic solvent is then extracted into the 
CP and subsequently evaporated by raising the system temperature. The solid 
micropartides are then sq>arated by centrifiigation or filtration, and dried, for example, by' 
lyophilization or application of vaccum, before storing at 4 **C. 

Generally, to prepare cationic mitaoapheres, cationic lipids car polymers, for 
example, 1,2-dioleoyl-l AS-trimethylammoniopropaue (DOTAP), 
cetyltrimethylammonium bromide (CTAB) or polylysane, are added either to DP or CP, as 
per their solubility in these phases. 
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Ph>^ico-chemical chaiacteristics sudi as mean size, size distribution and siirfoce 
cbaige of dried microsiiheies may be detet^^ Size characteristics are determined^, for 
example^ by dynamic light scattmng technique andfhe sur&ce chaxge was detenninedby 
measuring the zeta potential. 
S Generally, ISS^^ontaining polynucleotides can be adsoibed onto the cationic 

microsphjer^ by oveamght aqueous incubation of ISS and the particles at 4 ^C. 
Mcrosphesres are characterized for size and sur&ce charge before and after ISS association. 
' Sdected batches rnay then evduated for activity as described herein 

10 Administration 

An ISS-containing polynodeotide may be administered before, during and/or after 
expcKSure to a herpes virus. An ISS polynucleotide xnay also be admimstered before, during 
and/or after infection by a bestpes virus. An ISS polynucleotide inay also be administeced 
beforeoraAeroiisetof syixqstomsofheipesvinisiiifection^ Accordingly , administtation of 

15 ISS-containing polymideotide m^ be at various times xviih respect to exposure to» 

infectionby and/or oiiset of symptoins of infection by virus. Further, there may be one or 
more administrations. If the ISS-containing polynucleotide is administeced on multq)le 
occasions, die IS S may be administered on any s chedule selected by the clinician, such as 
daily, every other day, every three days, every four days, eveiy five days, every six days, 

20 weekly, biweekly, monthly or at evea: longer intervals (\^ch may of may not remain the 
same during the course of treatment), ^ere multiple administrations are given, the ISS- 
cQntaiDingpolynucleotidein^begivenin2,3,4,S,6,7, 8,9, 10 or more separate * \ 
adnunistzations. 

WhenlSS-coirtainingpolynudeotideisadnnnisteiedtoaniiidividudatri^ * 
25 exposure to virus (i e. , before infection), ISS-containing polynucleotide is preferably 

administered less than about 14daysbeforeesposureto virus, preferably less than about 10 
days before e3q)osure to vims, more preferably less than about 7 da^ before exposure to 
virus, even more preferably less than about 5 days before exposure to virus* la some 
embodiments, ISS-containing polynucleotide is administered about 3 days before exposure 
30 to virus. 

In a further embodiment, the ISS-containing polynucleotide is administered aft^ 
exposure to a herpes virus, but prior to appearance of symptoms. This embodiment is 
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partiralflriyrclevamwithieq)ectto Preferably, the ISS-crataining 

pdynucleotide is admiiiistEaced less than about three days after e3q)osuie, jnoie preferably 
less than about one day» 12 hours, six hours or two hours after exposure, if the time of 
esposure is known or suspected. 
5 In another embodiment, flie ISS-containing polynucleotide is administeared after 

^jpearance of at least one symptom of herpes vhrus infection. Prefexably, ISS-containing 
polynucleotideisadministeredwithmahmit28,21, 14, 7, 5 or 3 days following appearance 
of a symptom of herpes virus mfection. However, some infected individuals exhibiting 
symptoms will already have undertaken one or more courses of treatment with another • 
10 ther^. In such individuals, or m individuals who Med to q)preda^^ 

synrptoms, tfie ISS-contammg polynucleotide m^ be admimstered at any point followbg 
infection. 

Additionally, treatments einploying an ISS-containing polynucleotide may also be 
employed m conjunction with other treatments or as 'second Ime' treatments employed 

15 after feilure of a *first line' treatment Treatments for herpes virus mfection are known in 
the art 

ISS polynucleotides may be fimnulated in any form known in tiie art, such as dry 
powder, semi-solid or liquid formulations. For parenteral administration ISS 
polynucleotides preferably admmistered in a liquid formulation, ahhough solid or semi* 
20 solid fiMmulations may also be acceptable, particularly where the ISS polynucleotide is- 
fonmilated ma slow release depot form. ISS polynucleotides are generaUy formulated in 
tiquid or dry powder fenn for topical administration, ahhough semi-solid formulations may 
be useful. 

ISS polynucleotide formulations may contam additional con5)onetits such as salts, 
25 buffers, huUdng agents, osmolytes. antioxidants, detergents, surfactants and otixer 

pharmaceutically-acceptable exdpients as are known m flie art Generally, liquid ISS 
polynucleotide formulations made in USP water for iigection and are sterile, isotonic and 
pH buffered to a physiologically-acceiptable pH, such as about pH 6.8 to 7.5. 

ISS-contaimng polynucleotides may be formulated in delivery vehicles such as 
Iqiosomes, oil/water emulsion or slow release depot formulations. Mefliods of formulating 
polynucleotides m such fosnns are well known in the art 
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ISS-containmg polymiclectide fomnilations may also inchide or exclude 
umtumomodulatoiy agents such as adjuvants and insmunostinrulatoiy cytokines, vAaxh are 
well known in the art 

A suitable dosage range or eflEbctive amount is one that provides the desired 
5 reduction of synqitoms and/or sq^pressicn of viral infection and depesods on a number of 
factors, including the particular beipes virus, ISS sequence of the polynucleotide^ molecular 
weight of the polynucleotide and route of administration. Dosages are g^ietally selected 
by the pbysician or otibier health care professional in accordance wi^ 
parameters known in the art, such as severity of symptoms, history of the padent and the 

10 like. GCTiorally, for an ISS<ontaining polynucleotide of aboTXt 2^ 

may be selected from, for example, an independ^itty selected lower limit such as about 0.1, 
025, 0.5, 1, 2, 5, 10, 20, 30 40, 50 60, 80, 100, 200, 300, 400 or 500 ng/kg up to an 
indq>endeDfly selected ui^erlinut, greater than the lower lim^ 80, 100,200, 

300, 400, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 or 10,000 

15 l^efkg' For exanq)le, a dose may be about any of ihe following: 0.1 to 100 ^g/kg, 0.1 to 50 
jig/1% 0.1 to 25 jig/kg, 0.1 to 10 }ig/kg, 1 to 500 jig/kg, 100 to 400 pg/lcg, 200 to 300 
\iE/kg, 1 to 100 jig/kg, 100 to200 jig/kg, 300 to 400 ^g/kg, 400 to 500 jig/kg, 500 to 1000 
ligfkg, 500 to 5000 fig%» or 500 to 10,000 fig/kg. Gtaierally, parenteral routes of 
administration require higher doses of ISS conq)ared to more direct ^plication to infected 

20 tissue^ as do ISS-containing polynucleotides of increasing length. 

Polynucl^des con^idinng an ISS may be adnnniste^ 
parenteral) or local (e.g. , topical) administration. 

In one embodiment, the ISS-containing polynucleotide(s) is topically administered. 
Topical administration may be at the she of infection (e.g. , genital region in the case of 

25 HS V-2), it m^ be at a site of a syniptom , a herpetic lesion) or it may be at the site of 
possible exposure to herpes virus (e.g. , gential region). 

In another embodiment, Hie ISS-containing polynucleotide(s) is iiqected locally into 
the area of l6sion(5). Intralesional injection may be at the site of infection (&^., genital 
region in the case HSV-2) or it may be at a site of a symptom (e.g., aherpetic lesion). 

30 In other embodiments, the ISS-*containing polynucleotide is administered 

parenterally. Parenteral routes of administration inclxide, but are not limited 

trausdennal,transmucosal,nasophaEynged,puhnonazy and direct inject Patmteral 
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administration by inj ection msy be by any parenteral injection route, including, but not 
limited to, intravenous QV)* intraperitoneal (IP), intramuscular (EM), subcutaneous (SC) 
and intradermal (ID) routes. Transdemial and tcansmucosal administration may be 
accomplished by, for example, inclusion of a carrier (e.g., dimethyisulfoxide, DMSO), by 
qiplicatiQn of electrical impulses (eg, iontophoresis) or a comWmalion fhereof. A variety 
of devices are available for transdemaal administration ^chmay be used in accordance 
with the invention* 

Nasopharyngeal and puhnonary routes of administration inchide, but are nollimited 
to, intranasal, inh a latio n, transbronchial and transalveolar routes. The ISS-containing 
polynucleotide may thus be admimstered by inhalation of aerosols, atomized liqtdds or 
powders. Devices suitable for administiation by mhal^ 

include, but are not limited to, nebulizers, atomizers, vaporizers, andmeteredniose inhalers. 
• Nebulizm, atwmzers, vaporizers and metered-dose iiihalers filled with or employing 
reservoirs containing formulations comprisiQg the ISS^ntainmg polynucleotide(s) are 
among a variety of devices suitable for use in inhalation delivery of the ISS-containing 
polynudeotide(s). Other methods of delivering to respiratory mucosa include delivery of 
liquid formulations, such as by nose drops. 

IV,IP,IMandIDadmimstralionmaybebybolusorinfbsionad For 
SC administration, administration may be by bolus, infusion or by implantable device, such 
as an implantable minipump (eg., osmotic or mechanical mimpump) or slow release 
implant The ISSpolynudeotide(s) may also be deUvered in a dow release forn^ 
ad^jted for IV, IP, IM,ro or SC administration. Administration by inhalation is preferably 
accomplished in discrete doses («.&, via ametered dose inhalerX althougji delivery shnilar 
toaninfusionmaybeaccon^lidiedthroughuseofanebulizer. Administration via the 
transdermal and transmucosal routes may be continuous or pulsatile. 

Assesmient 

In some embodiments, administration of anlSS-contaimi^ polynucleotide results in 
. prevOTtion, palliation, and/or in^vemeot in one or more symptoms of herpes virus 
infection. The emit fonnofprevention, palliation or improvement wiUdqpe^ 
particular herpes virus, but includes reduction in size and/or duration of herpetic lesions 
(for aU dlphaherpesvtrinae), reduction in symptoms of varicella (for VZV) or reduction in 
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fiequeEUcy or number of lecuireiitbeipedclesioxi^ In some 

embodiments, admimsttation of an ISS-cantaining polynucleotide results in a reduction in 
vird titer (wUdbimdicatessiqppr^ In other embodiments^ viral 

shedding (ag., virus excretion) is reduced In some embodiments, the level (eg,, 
5 magnitude or amount) ofviralsholding is reduced Viral shedding occur whh or 
without synq>ton]i$ at the tiixie of pnmary, initi£^ 

fin: example, by examination of tissue scrapings fix>m suspected areas of infection for the 
presence ofvirus or virus nucleic acid In other enibodinients, viral infection is sqspressed, 
vMch may be indicated by any one or mote of a mmiber of parameters, including, but not 

10 limited to, ext^ of one or more symptonis and viral titer. In other miboditments, 
rBcuireace,wM(^iBgeQerany indicated by appearance of one or more synq]^^ . 
associated with infection, is reduced 

Synqitoms of infection msy be assessed before and after administration of ISS* 
containing polynudeotide by tiie individual or the cliniciaiL As will be apparent to one of 

1 S skill in the art, the symptoms will vary dep ending on the particular herpes virus and the site 
oflhesynqitoms. Syrnptoinsof heipes simplex virus infection, ^^ch are weUknow^ 
the art, include herpetic lesion, viial shedding, and, in son:ie cases, neurovirulence. 
Symptoms of VZV infection include cutaneous and mucosal varicella lesions and fefver and 
in recmrences, cutaneous lesions and neuropathy, particular of s^isory nerves . 

20 Viral titer may be assessed in biolo^cal samples using standard mediods of tiie art 

Levels of viral nucleic add may be assessed by isolating nucleic acid fiom die sample and 
blot andysisusbig a viral polynudeotide sequence as a probe, or PGR Another 
metiiod is to peiform //1 hybridization with virus-specific probes. Other assays include 
biological measures such as quantitation of plaque forming units (PFU) or virus induced 

25 cytopathic effects (CP:Q,sudi as formation of syncytia. Ebctent or amount of viral pardcles 
may be measured from any infected area, such as infected tissue or mucosal discharge. 
When the sample is a liquid, viral titer is calculated in some indication of number or 
amount ofvirus or virus particles (e,g,, infectious partid^ plaque fenning units, iofectioi^ 
doses, or median tissue culture infectious doses (TCID SO)) per unit volume. In soUd 

30 ^mples, sudbi as a tissue sample, viral titer is calculated in virus particle per unit wei^ 
Reduction is indicated by comparing viral titer to viral titer measured at an earUer time 
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point and/or compaimg to an estimated titer (based^ far exanq)l&, on animal or clinical 
studies) Ibat represents untreated infection. 

Sis of tite Invention 

The invention provides kits for carrying out the methods of the invention. 
Accordingly, a variety ofkits are provided. The kits may be used for any one or more of 
fhefbllowng (and, accordin^y, may contain instructions fi)r any one ormoie of the 
following uses): treating a//7/jate/pg^irOTfle infection in m 

alphaherpesvfrinae; reducing viral diedding (including reducing the probability and/or risk 
of cdphahefpesvirinae transmission); preventing cdphaheipesvirmae infection in an 
individual at risk of being infected with aJphaherpesvirinae; preventing atphaherpesvirime 
infection in an individual who has beeai exposed to dphaherpesvinnae; preventing one or 
more symptoms of d^haherpesvirttme infection in an individual at risk of being exposed to 
cdphaherpesvirinaei preventing one or more symptoms a£alphaherpesvirinae infection in 
an individual who has been ejqposed to alphaherpesvirmae; reducmg severify one or more 
symptoms of alphdherpes\?irmae infection in an individual infected with 
cdphaherpesminae\ reducing recurrence of one or more symptoms of idphaherpesvvrmae 
infection in an individual infected with alphaherpesvirirtae; suppressing an 
alphaherpesvirmae infection in an individual infected with or at risk of being infected with 
alphaherpesvirinae; delaying development of an alphakerpesvirinae infection and/or a 
symptom of alphaherpesvirinae infection in an individual infected or at risk of being 
infected with alphaherpesvirinae; reducmg duration of an dlphdherpesvirinae infection iii 
an individual infected or at risk of being infected witiia//7^e;p^ Asis: 
understood in tiie art, any one or more of these uses would be included in instructions 
directed to treating or preventing alphaherpesvirinae infection. 

The kits of the invention comprise one or more contains comprising an IS S- 
containing polynucleotide and a set of mstructions, generaUy written instructions although 
electronic stOKige media (e.gi, magnetic diskette or optical disk) containing instructions are 
also acccjftable, relating to Hie use and dosage of tihe ISS-containing polynucleotide for the 
intendedtreatment (e.g;, preventing one or more symptoms of alphaherpesvirinae infection 
in an individual at risk of being exp osed to alphaherpesvirinae, preventing one or more 
symptoms of alphaherpesvirinae mfection m an mdividual \^o has been exposed to 
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cdphaherpesvirime, lediicing severity of one or more symptoms of dphaherpesvtrirtae 
infection in an individual infected ^with alphaherpesvirimte, and/or reducing recunence of 
one or more symptoms ofalphahejpesvirinae tofection in an individual infected vMi 
alphaherpesvirmae). TheinstnictioiisinchidedwiftthekitgeneraUyinchidei 
5 as to dosage, dosing scihedtde, and loiite of administration for the The 
containers of ISS may be unit dos^ bulk packages (e.g., nxolti-dose padcages) or stib-tmit 
doses. 

The kits of the invention do not iadude any packages or containers which contain 
viral antigens fiom the a/p/roAerT^emrji^ 

1 0 Accordingly, neitfaar the container comprising flie ISS-containing polynucleotide nor any 
other containers in the kit contain alphaherpesvirime viral antigens* 

The ISS cooqKinBnt of the Idt may be packaged in any convenient, ^propriate 
pacA^aging. For example, iflfae ISS is a fieeze-driedforniulation, an ampoule wtt^ 
resilient stopper is normally used, so that the drug may be easily recanstituted by iojectiiig 

15 fluid tiirongh the resilient stopper. An[q)Qules with iion^resiHent, removable closures (&g.^ 
sealed glass) or resilient stoppers are most conveniently used for iigectable forms of ISS. 
Also, prefilled syringes may be used ^dien the kit is supplied with a liquid formulation of 
die ISS-containing polynucleotide. The kit may contain the ISS in an ointment for topical 
formulation in appropriate packaging. Also contemplated are packages for use in 

20 combination with a specific device, such as an inhaler, nasal administiation device {e,g., an 
atotnizer) or an infusion device such as a minipunq). 

As stated above, any ISS^ntaining polynucleotide described herein may be used, 
such as, for example, any polynucleotide compiising any of the following ISS: the 
sequence 5'-cytosine, guanine-3\ the sequence 5*-T, C, G-3*, the sequence 5'-C, G, 

25 pyrimidine, pyrinudine, C, the sequence 5*-purine, purine, C, G, pyrimidine, 

pyrimidine, C, G*3% tiie sequence S'^nirine, purine, Q G, pyrimidinB, pyrimidine, C, 
die sequence SEQ ID NO: 1; the sequence SEQ ID NO: 9; the sequence 5'-purine, purine, 
B, G, pyrimidine, pyrimidine-3' wh^iein B is S-bromocytosine or the sequence 5*-purine, 
purine, B, G, pyrimidine, pyrimidine, C, G-3' wherein B is S-bromocytosine. 

30 

The following Examples are provided to illustrate, but not Umit, die mventioiL 
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EXAMPLES 

Eiample I t Delay of HSV disease development in mice by admimbtration of ISS 

Oufiaed Svms Webstermice, vaginalfy infected wifli HSV-2 strain 186, were used 
asamodelofHSVinfecticm. In Ihese animals, iiiefiist indication of viial infection is 
loss and eiyliiana (HLE) near ibt> vagina occuiring. on average, 5 days aiter inoculation. 
The next stage of infection is indicated by chronic wetness (CW) due to loss of bladda 
control, on average, 6 days after inoculation. A portion (about 50% of infected mice) of the 
animals develcq) hind limb paralysis (HLP) at approximately die same time point Death, . 
wfaich is often preceded by evidence of CNS direase. occurs an average of 7-9 days after 
viral inocuIatioiL 

Mice were prepared fer infection by an initial two-dose treatment with d^opriven 
to ^chromzeqrcles and to diin die vaginal epithelium. Vaginal mucous was removed by 
swabbing wifli caldnm alginate, diea a ledial challengB dose (detennined by titration) of 
HSV-2 strain 186 was deUvered by positive-displacemfint pipettor. Inoculated mice were 
randomly groiqied into one of 4 treatment groups (n=15/group). Animals in group 1 
received no treatment and served as a control for die study. Animals in die second and 
tiiiid groups were treated topically wiflilOO jig of an ESS-containing phosphoioddoate 
oKgonudeodde (5'-TGACTGTGAACGTTCGAGATGA-3') (SEQ IDN0:1) suspended in 
phosphate-buffered saline CPBS). The groups were treated 2 or 6 hours after inocnlatian. 
As a vdiicle control, groiq> four was treated with PBS alone. 

Treatment widi ISS resulted in decreased incidence (ia, individuals diowing 
symptoms of HSV-2 infection), improved survival and delays in bofli appearance of 
symptoms and time to deadi in symptomatic individuals. For diose individuals v^diich died 
during die experiment, average time to deadi was increased by an average of over two days 
in animals treated with ISS two hours after infection. Log rank analysis of die data 
indicated a statistical difference for bofii ISS treatment times compared to either die no 
treatment or PBS vehicle-treated groups (p=0.0014 and 0.0146. respectively). Ibe data 
fixim diis experiment are summarized in Table 1 (PI, post-inoculation). 
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TABLE 1 



10 



Qtovp Inddeoce Sinvival Hmeto Time to Death 
Symptoms 

NoTreataiHit 15/15(100%) 0/15(0%) 4.73 d 8.1 d 

ISS2hPI 9/15(60%) 6/15(40%) 6.6 d 12 d 

ISS6hPI 12/15(80%) 4/15(27%) 5.75 d 10.6 d 

PBS6hH 15/15(100%) 0A5(0%) 4.9 d 9.5 d 

;b anolha: ejg)enmait, inoculated inice \VBie ran^^ 
groups (ii=16/groi9). Animals in ^gnnips received treatmeiits as (md^^ 
below. The groi^ were treated 2 boors after virus inoculation. 

TABLE 2 

Group Iteatment 

1 ISS; S'-TOACTGT<3AACGTTCGAGATGA-3' (SEQ ID 
NO:l) 

2 ISS; 5'-TCGTCGAACOTrCGTTAACGTrCG-3' (SEQ 
IDN0:9) 

3+4 non-ISS; 5'^TGACrGTGAAGGTrAGAGATOA-3' (SEQ 
IDNO:10) 

5 nott-ISS; 5'-TGACTGTGAACCrTAGAGATGA-3' (SEQ 
IDN0:11) 

6 PBS 

7 No Treatment 

8 Acyclovir (ACV) 



In sum, treatment with ISS resutted 'in decreased inddence (Le., individuals 
showing symptoms of HSV-2 infecticm), improved survival and delays in both appearance 
of symptoms and time to deadi in symptomatic individaals. For exaniple, survival results 
oflliisaq)erimeat are depicted in Figure 1. The survival curves for the animals treated 
IS with the two ISS oligonocleotides are indistinguidiablefix)m each o&er and are both 

significantiy di£fereat fiom those of fba groins treated with noo-ISS oligonucleotides and 
PBS and the untreated group. 
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Exampte 2; Reduction of HSV lesions in guinea nigs by administration of ISS 

Rficutreat HSV-2 disease and aspects of tiie primary disesase, includimg vesicular 
ulcerative lesion fimnation and asynqrtomatic shedding, are effectively modeled by 
inoculation of the guinea pig vagina with B5V-2 (Milligan et al. (1995) ViroL 206-234- 
241). In the guinea pig model, animals ate infected by instillation of HSV-2 after caldum- 
algjnate swabbing as described in Example I . Tlnee to &re d^ after inoc^ 
cutaneous lesions develq) and in some cases urinary retention is observed The animals are 
scored daily for lesion severity using a4 point scale (Bourne et aL (1996)7. /ij/feet Dis. 
173:800-807). Primary disease resolves by 14 d^ after inoculation (day 14 post- 
inxKdatioii, dl4 PI). Ifn>m day 15 limmgji 70 after inocuMon, the animal . 
daily for tiie development of recunent lesions. The frequency of recunEnce is a significant 

cnitcome measure as it indicates any impact on latency and teactivBtion that a to^ 
have. This model has proved to be a very efFectrve Systran for testing of antivirals and 
vaccines (Bourne et al. (1996) Vaccine 14(13):1230.1234; Stanberry il9Si9)AfaMralHes. 
11203-214; Stanbeny et aL (1990) Antiviral Res. 13-.277-286). 

Swiss Hartley guin^ pigs (Clarfes River Laboratories) wtteintravaginaUy 
inoculated with HSV-2 strain MS by simply delivering virus to the vagma, then Mowed 
through fte primary infection (dl4 PI). Animals that did not display herpetic lesions were 
eliminated fiomfinthcrstudjr. The remainiiig animals were randomly asagned to one of 
three study groups (n=16/group). To assess flie impact of the ISS Iher^ upon recurrent 

ledon de^^elcqment, two of the three study groups were treated wifli 200 pg of the ISS- 
cantHining polynucleotide of acample 1 (5'-TGACTGTGAACGTTCGAGATGA-3') 
(SEQ ID NO:l) suspended m PBS 21 dsQrspost inoculation. The third group received an 
ujjection of PBS alone. One of the two ISS treated groups received two additional ISS 
irgections on days 42 and 63 post-moculation (PI) (Gamp #3). Daily scoring of recurrent 
leaions was completed on each animal to detemiine the impact of ISS on recurrence 
fieqnency. These scores were averted dafly ffar each groups and the cumulative totals are 
depicted in Figure 2. The gr^h on the left shows the period of time unmediately fbUowmg 
the first ISS irgection (days 22-41). while the graph on the right shows the data over the 
MitirB observation period (day 22 tiunugh day 78). 
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Statistical analysis (ANOVA) of the results showed a sigmficant reduction in the 
fiequeacy of lecnirrmces following ISS therapy (p=O.012)- No difierence was observed 
among the groups prior to ISS treatment Although the results between multiple and single 
treatments were not statistically ^gnificant (p>0.05), data trends suggested tbiat multiple 
treatmeiits may further reduce recurrences. 

In another esqpedmeixt, guinea pigs were intravaginally inoG^ 
HSV-23 strain MS» as described above. The infected animals were divided into groups and 
received treatments as oudined in Table 3 . 

TABLES 

Gmvsp Treatment 

1 ISS; 5'-TGACTGTGAACGTrCGAGATGA.3' (SEQ ID NO:l); 1 mg 

in PBS; once at 21 days post inoculation 

2 non-ISS; S'-TGACTGTGAAGGTTAOAGATQA-S' (SEQ ID NO:10); 1 

mg in PBS; once at 21 days post inoculation 

3 No Treatment 

4 Acyclovir (ACV); 3 timea/day for 7 days starting at 6 hours post 

inoculation 

Recurmt disease was momtored from day 15^56 post inoculation. Vaginal swabs 
of animals weare done on d^ 21 ^3 and PGR analysis performed to detmnine the level of 
viral shedding. Toevaluatetheeffectof ISS thera[)y on recurreiit disease, cumulative 
number of recurrent lesions were monitored ov^ time anid the mean calculated for the 
groiqp. Results from this experiment are depicted in Fig^ A single topical treatment 
with ISS at day 21 significantly decreased the cumulative mean recurrent lesion days 
conqpared to animals treated with non-ISS control oligonucleotide or nntreat^ animals. 
The acyclovir (ACV) group also showed a significant reduction in cmnulative recurrent 
mean lesion days, however this group received a total of 2 1 treatments spread over 7 d^ 
to achieve this effect 

The frequency ofviralsheddmg was 20% of days for all groups. Tbus^tbe 
6oqumcy of viral shedding was unaffected by ISS treatment However, as shown in Figure 
4, the magnitude of viral shedding was significantly reduced in the ffoxsp receiving a siiigle 
topical treatm^ with ISS as compared to the conlrol groups. The p value OpO.OOl) was 
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calcnlated by ANOVA analysis using Dunn's Multiple Comparisoa test and is vaEd for 
both lie tmtteated gnrup and the nan-ISS control oKgonudeotide group. Magnitude of 
virus shedding is coitelated with viral trananission. Since ISS tteatnient resulted in a 
redaction in ibs magnitude of vital shedding, ISS treatment may be effective in a reduction 
in vital transmission. 

Example 3; ISS demonstrates no direct activity on viral replication 

As demonstrated in the following ejcperiment, ISS sweats to have no direct activity 
onviialteplicaticm. 

Vero cells, a cefl Kne derived femi Affican Chmi monkqr Iddney, we pre-lie^ 
wifli varying concentrations of ISS or nourlSS oUgonucleotides for varyirig times prior to 
the addition of HSV-1 or HSV-2. OKgonudeotides were used at 1 ^tg^ or 10 ng/tol and 
die cells were incubated with the oKgonndeotides for 30 seconds, 10 minutes or 24 hours. 
"NTiral liters were calculated as a percent of control titer generated by cells not treated with 
the oKgonucIeotides. The ejqreriniental conditions and results are summarized in Table 4 
(NA = not avaihible). The data are eiqnessed as percent of control titer. 



TABLE 4 



Cells infected with H£ 


V-1 


uugonudeotide 


1 n^ad 


lOpg/tail 




30 sec lOmin 24 hr 


30sec lUmin 24hr 


SEQIDNO:! 
SEQIDNO:9 
SEQIDNOrll 
SEQIDNO:10 


98 96 89 
129 95 87 
132 98 97 
100 99 101 


100 102 82 
122 96 78 
141 100 94 
96 100 97 


Cells mfected with HS 


V-2 


uugomideotuiB 


1 Mg/ml 


10|xgM 




30sec lOmin 24hr 


30sec lomin 24hr 


SEQIDNO:! 
SEQIDNO:9 
SEQIDNO:ll 
SEQIDNO:10 


101 98 99 
119 NA NA 
111 NA NA 
98 96 103 


101 101 99 
136 NA NA 
129 100 98 
103 97 99 
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HSV-1 OT HSV-2 vims was pre-treated with vaiyiag concentradons of ISS or nonr 
ISS oligonucleotides for 10 minutes pdor to adding liie mixture to plated Vefo ceils. 
OUganucleotidesweieusedatl (igMorlO^g/inl. Viral titers w^ calculated as a 
percent of control titer generated by cells not treated with the oligonucleotides. The 
e^)erimental conditions and results are sununaiized in Table 3. Thedataaxeexpr^sedas 
percent of control titer. 

TABLES 





HSV-1 


HSV-2 


Oligonudeotide 


1 fig/ml 


10 
jig/ml 


control 


1 (ig/ml 


10 


control 


SEQIDNOrl 


101 


109 


100 


96 


102 


100 


SEQIDNO:9 


100 


100 


99 


101 


97 


59 


SEQIDNO:!! 


98 


101 


100 


100 


97 


103 


SEQIDNO:10 


102 


103 


102 


98 


106 


101 



As shown in Tables 4 and S, incubatmg the cells wifli ISS prior to HSV infection in 
vitro and incubating HSV viru^ with ISS prior to infecting cells in vitro has no effect on the 
viral titers fiom the infected ceUs as compared to controls. 

Ibe present invention has been detailed both by direct description and by example. 
Equivalents and modifications of the present inv^on will be q^parent to tiiose skilled in 
the art, and are encompassed within the scope of the invention. 
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CLAIMS 

What is claimed is: 

1. A method for preveatiiig a symptom of heipes Sim 

individiial who has been exposed to herpes simplex virus, coii5)risiiig administering a 
compositian comprismg a polymicleotide comprising an immunostimulataiy sequence 
(ISS) to said individual, wherein the ISS comprises the sequence 5'-C, wherein a 
h^pes simplex virus antigen is not administered in conjunction with administration of said 
composition, and vAerein ^d composition is administered in an amomit sufEcient to 
prevent a sytQptom of beq>es simplex virus infection. 

2. The method of daim 1, vrfierein the ISS comprises the sequence 

3. The mefliod of claim 1, wherdn the ISS comprises the sequence 
5'-purine, purine, C, G, pyiimidine, pyrimidine, C, G-V or 5'-purine, purine, C, G, 
pyrimidine, pyrimidine, C, C^3\ 

4. The mediod of claim 3, wherein the ISS comprises a sequaice selected ftom the 
group consisting of 5'^AACGTrCC-3% 5 -AACQTrCG-3*, 
5'-GACGTrCC-3' and 5'-GACGTTC&-3\ 

5. The method of daim 1, wherem the ISS comprises the sequence 
5'-TGACTGTGAACGTrCGAGATGA-3: (SEQ ID N0:1). 

6. The method of claim 1, T/^Hhiereinlhe ISS comprises the sequence 
5'-TCGTCGAACGTrCGTrAACGTTCG-3' (SEQ IDN05). 

7. The mefliod ofdaiml, wherein the individual is a mammaL 

8* The inethodofclaimlj'v^errin administration is at a site of infection* 

9. Tbst method of claim 1, wherein Ihe herpes simplex virus is aherpes sinq)lex 
vniis2(HSV-2)virus. 
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10. A method of ledudng severity of a symp^^ 

in an individual infected with herpes sinq)lex virus, comprising administering a 
composition comtprising a polynucleotide conqprising an iiiununostmatulatory sequence 
QSS) to said individual, ^^^herein the ISS comprises the sequence 5*-C. Ch-3', herein a 
S herpes sin^lex virus antigen is not admiidstered in conjunction with administration of said 
composition, and wherein said coxnposition is administered in an amomit sufficient to 
reduce severz^ of a synq>tom of h^es simplex virus infecdoiL 

11. Themefhodof claim 10, i/^^ein the ISS comprises file sequence 
5'-T, C, 0-3'. 

10 12. Tbemethodof claim 10, v^ierein the ISS comprises fh^ 

5'-purine, purine, C, G, pyrimidine, pyrimidine, C, G-3* or S'-^nirine, purine, C, G, 
pyrimidine, pyriinidine, C, C-3\ 

13. The method of claim 12, vAieretn the ISS compiises a sequ^cesd 
lbs group consisting of 5'-AACGTTCC-3\ 5'"AACGTTCG-3\ 

15 5'-GACGTrCC-3'and5'-GACGTrCG-3\ 

14. The method of claim 10, ^eremdie ISS comprises the sequence 
5'"TGACTGTGAACGTTCGAGATGA-3* (SEQ ID N0:1). 

15. Ihe method of claim 10, wherein the ISS comprises the sequmce 
5'-TCGTCGAACGTTCGTrAACGTTCG-3* (SEQ IDNO:9). 

20 16. The method of claim 10^ wherein Ihe cnmpngtrinn is flf1niim'g f«rftH rnnmmt 

sufficient to reduce the level of viral shedding. 

17. The method of claim 10, wherein the iiidividual is a mamniaL 

18. The method ofclaim 10, i^ierem administration is at a site of i^ 

19. The method of claim 10, wherein the herpes siniplex virus is a herpes simplex 
25 virus 2 (HSV-2) virus. 
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20. A method of xeducmg incurrence of a symptom of herpes smplex virus 
infection in an individaal infected ^rith herpes simplex vims, comprising administering a 
composition comprising a polynucleotide comprising an fmTniinmrinmilflftnyy sequence 
QSS) to said individual, wherein the ISS comprises the sequence S'-C^ G-3', wherein a 
hwpes sin^lex virus antigen is not administered in conjunction with admmistratiQn of said 
conipositioni, and wherein said composition is administered in an amount sujBBcient to 
reduce recurrence of a symptom of herpes simplex virus infection. 

21 . The method of claim 20, vi^erein the ISS comprises the sequence 
5'.T,C,Q-3\ 

22. The method of claim 20, v^ierein the ISS comprises the sequence 
5'-purine, purme, C, G, pyrhnidine, pyrimidine, C, 0^3' or 5*-i>urine, purine, C, G, 
pyrimidine, pyiimidme, C, C-3'. 

23. The method of daim 22, vdierein the ISS comprises a sequence selected ftom 
the group consisting of 5 -AACGrrCC-3% 5'-AACGTTCG-3', 
S'-GACGTTCOS' and5'-GACGTTCG-3'. 

24. The method ofclaim 20, V(*erein the ISS comprises the sequence 
S'^TGACTGTGAACGTTCGAGATGA^S'. 

25. The method ofdaim 20, wherein the ISS comprises the sequence 
S^TCGTCGAACGTTCGTTAACGTTCGO' (SEQIDN0:9). 

26. The method of claim 20, v^ierein the individual is a mammal. 

27. The method of claim 20, wherein administration is at a site of infection. 

28. The method of claun 20, wherein the heipes snnplex virus is a her^ 
vmis2(HSV-2)virus. 

29. A lot for use uiameKorating or preventmg a symptom of herpes ampler 
infection in an mdividual infected with, exposed to or at risk of being exposed to herpes 
simplex virus, comprising: 
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a compostdoa compnsiiig a polynucleotide romprbmg aa inummostimiilatory 
sequence QSS), wherdn the ISS comptises the sequence 5'-C, and wherein said kit 
does iiotconiprise a herpes simplfK virus an^ and 

instructions for administralioiL of said compo^oa to an individual infected with, 
S exposed to or at risk of being exposed to heipes simplex virus. 

30. The kit of claim 29, ^^iierein &e ISS comprises the sequence 
5^T,C,G-3'. 

31 . The kit of claim 29, ^7\Aierein the ISS comprises the sequence 5*-purine, purine, 
C, G, pyrinudine, pyrimidine, C, 0-3* or S'-purine, purine, C, G, pyrimidine, pyiimidine, 

10 C, C-3\ 

32. Ihe kit of claim 3 l,v^erem the ISS comprises a sequence selected fixnn the 
gtoiq) consisting of 5*-AACGTTCC-3% 5'-AACGrrCG-3% 5'-GACGTTCC-3' and 
GACGTTCG-3\ 

33. The kit of daim 29, herein the ISS comprises the sequence 
15 5'"TGACTGTGAACGTTCGAGAtGA-3' (SEQ ID N0:1). 

34. The kit ofclaim 29, wfaeirein tide ISS comprises Resequence 
5'-TCGTCGAACGTTCGTTAACGrrCG-3' (SEQ IDNO:9). 

3 5. Hie kit of claim 29, wherein the herpes simplex virus is a herpes simplex virus 2 
(HSV-2) virus. 
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